

















Planetarium Notes 


ADLER PLANETARIUM 


900 E. Achsah Bond Drive, Chicago 5, Il. 
Wabash 1428 


Scuepute: Mondays through Saturdays, 11 a.m. 
and 3 p.m.; Sundays, 2:30 and 3:30 p.m. 

Starr: Director, Wagner Schlesinger. Other 
lecturers: Harry S. Everett, Albert B. Shatzel. 


September: THE MOON. 


BUHL PLANETARIUM 


Federal and West Ohio Sts,., Pittsburgh 12, Pa. 
Fairfax 4300 


Scuepute: Mondays through Saturdays, 3 and 
8:30 p.m.; Sundays and holidays, 3, 4, and 
8:30 p.m. 

Starr: Director, Arthur L. Draper. Other lec- 
turers: Nicholas E. Wagman, J. Frederick 
Kunze. 

September: COLORS IN THE SKY. The story 
of the many colors seen in the evening, includ- 
ing those in stars and planets, in eclipses and 
rainbows and the northern lights. 

October: COLUMBUS AND THE STARS. 


FELS PLANETARIUM 


20th St. at Benjamin Franklin Parkway, 
Philadelphia 3, Pa., Locust 4-3600 


Scuepute: 3 and 8:30 p.m. daily except Mon- 
days; also 2 p.m. on Saturdays, Sundays, and 
holidays. 11 a.m. Saturdays, Children’s Hour 
(adults admitted). 

SrarF: Director, Roy K. Marshall. Other lec- 
turers: I. M. Levitt, William L. Fisher, Ar- 
mand N. Spitz, Robert W. Neathery. 
September: REASONS FOR THE SEASONS. 
The geometrical conditions of the rotation and 
orbital revolution of the earth will be ex- 
plained, and the effects upon seasons, climate, 
and weather will be discussed. 

October: MOON LORE — FACTS AND 
FANCIES ABOUT THE MOON. 


GRIFFITH PLANETARIUM 


P. O. Box 9787, Los Feliz Station, Los Angeles 27, 
Calif., Olympia 1191 


ScuepuLte: Wednesday and Thursday at 8:30 
p.m. Friday, Saturday, and Sunday at 3 and 
8:30 p.m. Extra show on Sunday at 4:15 p.m. 
Starr: Director, Dinsmore Alter. Other lec- 
turers: C. H. Cleminshaw, George W. Bunton. 
September: THE MOON. The appearance, 
physical constitution, motions, and phases of 
the earth’s satellite are explained. 


October: OUR STAR, THE SUN. 
HAYDEN PLANETARIUM 


8ist St. and Central Park West, New York 24, 
N. Y., Endicott 2-8500 


Scuepute: Mondays through Fridays, 2, 3:30, 
and 8:30 p.m.; Saturdays, 11 a.m., 2, 3, 4, 5, 
and 8:30 p.m.; Sundays and holidays, 2, 3, 4, 
5, and 8:30 p.m. 

Starr: Honorary Curator, Clyde Fisher. Chair- 
man and Curator, Gorden A. Atwater. Other 
lecturers: Robert R. Coles, Catharine E. Barry, 
Shirley I. Gale. 

September: THE 200-INCH TELESCOPE. 
What will the world’s greatest telescope reveal 
when it is turned on the heavens? In this lec- 
ture we discuss the Palomar reflector and its 
many possibilities. 


October: AUTUMN SKIES. 





Be 
ant ™ 


TELESCOPE”: 





Copyright, 1948, by 


Sxy PusiisHinc Corporation 


& 


Cuares A. Feperer, Jr., Editor; HELEN S. FEDERER, Managing Editor 


EDITORIAL ADVISORY BOARD: Clement S. Brainin, Amateur Astronomers Association, New 
York; Edward A. Halbach, Milwaukee Astronomical Society; Donald H. Menzel, Harvard 
College Observatory; Paul W. Merrill, Mount Wilson Observatory; Oscar E. Monnig, Texas 
Observers; Henry Norris Russell, Princeton University Observatory; Charles H. Smiley, 
Ladd Observatory; Percy W. Witherell, Bond Astronomical Club. 





In Focus 


UR FRONT-COVER PICTURE of 
the lower end of the tube of the Hale 
telescope was taken during the recent 
gathering of astronomers on Palomar 
Mountain. The heavy hollow member of 
the polar axis is seen across the top of 
the picture. One of the polar axis braces 
hides the view of the declination axis re- 
gion on the opposite side of the tube. On 
the edge of the lower ring of the tube is 
the motor for operating the mirror cover. 
The cover was closed at the time this pic- 
ture was made, but it was opened later 
so the visitors could see the 200-inch mir- 
ror directly. The mirror cell, with its ad- 
justing levers, is attached to the bottom 
ring of the main tube. Notice that these 
levers are not all in the centers of the 
openings. Corrections for controlling the 
mirror’s figure to improve the star im- 
ages have necessitated repositioning of 
the levers. 

If the 200-inch disk were supported 
simply at the edge, its deflection at the 
center due to gravity would be about 2% 
thousandths of an inch, which expressed 
in optical terms is 125 wave lengths of 
light. (The corresponding deflection for 


the 60-inch Mount Wilson mirror would 
be four wave lengths; for the 100-inch, 
12 wave lengths.) Each of the 36 mem- 
bers in the system must support on the av- 
erage some 850 pounds, and since the 
force actually exerted by each lever should 
be correct to 1/10 or 2/10 of one per cent 
for perfect results, it is not surprising that 
a few difficulties have been encountered. 
It will take many plates and considerable 
adjustment before the desired perfection 
is reached in the photographic images se- 
cured with the instrument. 

Four visitors may be seen in the picture 
on the gallery of the dome on the oppo- 
site side of the chamber. In the lower left 
a portion of the telescoping observing 
platform for use at the Cassegrainian 
focus is visible. 

On the back cover is Russell W. Por- 
ter’s drawing of the lower end of the 200- 
inch tube, showing the mirror cell and the 
surrounding mechanism. Unlike the pic- 
ture on page 269, this drawing gives one 
a view of the mirror and cell without the 
intervening beams which hide important 
details of the construction. Extending 
through the 40-inch hole in the mirror 
can be seen the shielding tube used to pre- 
vent extraneous light from interfering with 


(Continued on page 279) 
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BACK COVER: A drawing by Russell W. Porter of the mirror, supporting cells, and 
diaphragm mirror cover of the 200-inch telescope, Palomar Observatory, Calif. 
Courtesy, California Institute of Technology. (See In Focus.) 
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N TRIBUTE to the great Ameri- 

can astronomer, Dr. George Ellery 

Hale, whose vision and foresight 
made its construction possible, the 200- 
inch telescope has been named the Hale 
reflector. While we are awaiting the 
first observations from Palomar Moun- 
tain, it is interesting to speculate on the 
meaning of the great task that was cul- 
minated in its dedication. Why does 
man build such telescopes? How can 
these giant reflectors serve the hundreds 
of millions of persons who are not di- 
rectly concerned with the science of 
astronomy ? 

The answer to the first question is to 
be found in the inherent curiosity of 
man. He is curious about the infinitely 
great and the infinitesimally small. He 
is desirous of learning just where he fits 
into the picture of creation and of be- 
coming better aware of the interdepend- 
ence of all nature. This is enough to 
inspire him to devise means of probing 
the outer limits of cosmic space on the 
one hand and the inner depths of the 
atom on the other. 

But curiosity alone is not enough. 
Another trait with which man is en- 
dowed is imagination. Every scientist 
possesses this in large degree, and cer- 
tainly George Ellery Hale had more of 
it than most men. He dreamed of the 
new 200-inch eye and visualized its tre- 
mendous possibilities when men of lesser 
stature were saying that it could not 
be done. 

The Hale reflector will not in any 
way be a competitor of the telescopes 
now in operation throughout the world. 
With its ability to gather four times as 
much light, to penetrate twice the dis- 
tance into the depths of the universe, and 
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The dome of the Hale reflector, with the slit partially open. 


The 200-Inch Telescope 


By Ropert R. Coes, Hayden Planetarium 


to double the theoretical reselving power 


of tne 100-inch telescope, this new 


instrument will be busy for years just ex- 
tending the programs its predecessors 
started. Other telescopes will continue 
to be built; such a large reflector as the 
120-inch for Lick Observatory is al- 
ready past the stare. 
Schmidt cameras will be especially de- 
sirable, because with their short expo- 
sures they can search large areas of the 
heavens for objects the big reflectors can 
study in detail. Already the 18-inch 
has brought Palomar Mountain astro- 


drawing-board 


A p‘cture made early 
in the 20th century 
of Andrew Carnegie 
(left) and George El- 


lery Hale, standing pomical fame—together with the nearly 
before the 60-inch completed 48-inch Schmidt it will play 
reflector on Mount a very important role. 

Wilsen, then the One of the disadvantages of the yoke 


mounting of the conventional type is 
that the telescope cannot point to the 
north celestial pole. In the case of the 
100-inch instrument, the maximum ob- 
servable northerly declination is in the 
neighborhood of 65°, so there is a large 
inaccessible area around the north pole. 
Within that region are many stars that 
belong to the fundamental standard- 
magnitude sequence. The horseshoe 
mounting of the 200-inch permits it to 
reach these circumpolar objects, enabling 


“greatest telescope 
on earth.” The other 
photographs with 
this article were 
taken by the editor. 


direct comparison of magnitudes ob- 
served there with those of stars and 
galaxies in other parts of the sky. ‘This 





September, 1948, SKY AND TELESCOPE 267 





Dr. I. S. Bowen, director of Mount Wilson and Palomar Observatories, welcomes 
to Palomar members of America’s two largest astronomical societies. 


is especially important where observa- 
tions of some of the galaxies near the 
north pole of the sky, such at M81 and 
M82, are concerned. 

At present, the primary mirror and 
Cassegrainian mirror are installed and 
in operation, but the auxiliary mirrors 
of the coude system are in the process 
of installation. Altogether there are 
seven mirrors in the giant telescope: 
1. The 200-inch mirror, a paraboloid 
having a focus of 55" feet, or 666 
inches. 

The Cassegrain convex, 41 inches in 


to 


diameter, hyperboloidal with an ec- 
centricity of about 1.52, providing 
a focal length of 2662/3 feet, or 
3,200 inches. 

3. Two coude hyperboloids, 36 and 32 
inches in diameter, each of eccen- 
tricity 1.25 and producing a focal 
length of 500 feet, or 6,000 inches. 

4. A coude diagonal piane mirror, 36 
by §3 inches, to reflect the light 
along the polar axis to the coude 
spectrograph in a constant-tempera- 
ture room directly south of the tele- 
scope. 


Two auxiliary plane mirrors, 28 and 


S. 
20 inches in diameter, for use with 
the coude diagonal when objects 
north of 50° declination are ob- 
served. 


All of these mirrors are made of 
pyrex glass, and all except the two small 
flats are of the ribbed-back construction 
with internal supports. In his talk be- 
fore the American Astronomical Society 
and the Astronomical Society of the 
Pacific, Dr. John A. Anderson, of Cal- 


ifornia Institute of ‘Technology, pointed 
out that the three convex hyperboloids 
were tested by a modification of Hindle’s 
method. 








“Instead of a large spherical mirror 
with a central perforation, we used three 
relatively small mirrors so mounted that 
their centers of curvature fell together 
in one point. ‘The hyperboloid was set 
up in such a position that one of its foci 
also coincided with the common center 
of curvature of the spherical mirrors. 
The light source was placed at the sec- 
ond focus of the hyperboloid. The 
method avoids the use of the big parabo- 
loid and is therefore very convenient.” 

Dr. Anderson also mentioned that the 
coude flat, on account of its shape and 
relatively large size, was in many re- 
spects more difficult to make than any 
of the other mirrors in the telescope. 
It was, however, considered satisfactory 
in February, 1948. 

Another speaker at the June gathering 
was Bruce Rule, also of Caltech, who 
described the engineering aspects of the 
great venture. He pointed out that the 
engineering designs were determined 
largely by the optical accuracy neces- 
sary. A comparable machine or other 
modern structure may safely deflect sev- 
eral inches under load, but the telescope 
must not deform in any position more 
than 1/16 of an inch, while the op- 
tics remain collimated and the mirror 
surfaces are held in their proper optical 
shape. ‘There is very little relative de- 
flection betwecn the top and bottom of 
the tube. By recent tests, the total ex- 


“ 


This picture shows the south end of the polar axis and the upper end of the 
telescope tube, with the prime-‘ocus cage. The end rings of the tube are 55 feet 
apart, and each ring is 22 feet in diameter. 
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cursion of the prime-focus image for 
maximum telescope tube positions is 
within % millimeter, which is consider- 
ably smaller than tolerable. Final ad- 
justments may even reduce this varia- 
tion further. 

The oil-bearing system of support for 
the polar axis, as well as many other 
mechanisms of this mainly automatic 
telescope, had to be designed to function 
correctly for a wide range of tempera- 
ture, humidity, or position. “The yearly 
average operating temperature range is 
from 20° Fahrenheit to about 70° 
Fahrenheit. The focal length of 55% 
feet may change relative to the tube 
by about % of an inch, because of differ- 
ential expansion between the glass and 
the steel tube. To position correctly 
the prime-focus photographic plate, the 
change in length of one of the south tube 
I-beams is measured with respect to an 
invar bar having substantially a zero 
expansion coefficient. ‘This change in 
tube length is transmitted to the prime- 
focus cage to the nearest 1/100 milli- 
meter, allowing the observer to compen- 
sate for changes during long exposures. 

The matter of temperature control 
in the observatory itself has been care- 
fully studied, and the insulation panels 
filled with aluminum foil. For design- 
ing the dome, a copper model 36 inches 




































in diameter was used in a variety of tests 
with direct loading, uniform hydraulic 
loading, and wind-tunnel loading, to 
allow for operation of the 60-ton crane 
in the observatory roof and for the ef- 
fects of wind on the dome and slit. The 
outcome of these tests, together with the 
space requirements, resulted in the con- 
struction of a hemispherical dome 137 
feet in diameter on top of a 27-foot-high 
cylindrical section. ‘The dome is en- 
tirely of butt-welded 3/8-inch-thick steel 
plates which were disked to the proper 
radius in the shops. On each side of 
the shutter opening is a structural arch 
three feet wide and eight feet deep, ter- 
minating at the balcony horizontal plate 
girder which keeps the 1,000-ton dome 
circular. Rotational support is provided 
under this ring girder by means of 32 
four-wheeled trucks which roll accu- 
rately on circular tracks that took five 
months to grind to proper accuracy and 
surface smoothness. 

Mr. Rule went on to describe the 
unique manner in which the internal 
steel ribs extending from balcony level 
to the main arches of the dome provide 
a continuation of the air-venting space 
from the lower double walls of the sta- 
tionary building. ‘This construction per- 
mits the removal of absorbed heat from 
the external steel shell during the day, 


The horseshoe bearing at the north end of the polar axis has a diameter of 46 

feet. This and the south polar bearing float on a film of oil 0.003 inch thick. 

Only 50 foot-pounds of torque are required to turn the 500-ton mounting in right 

ascension. The main tubular girders of the polar axis are each 10% feet in 

diameter. In the upper left of the picture is visible the platform for entering 
the prime-focus cage. Note the catwalk in the upper dome. 
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The lower portion of the tube, with the 
mirror cover opened. Compare this pic- 
ture with the back-cover drawing. 


yet insulates the closed interior from 
temperature changes departing from the 
average night temperature. Air dampers 
in the lower walls provide for venting 
air either from inside or outside the 
building. Heat dissipation from lights, 
machinery, and people affects the time 
required to stabilize the optical com- 
ponents after opening the shutter at 
night, as well as badly affecting the in- 
ternal dome “seeing.” For this reason, 
all lighting equipment is ventilated to 
the dome air stack, as is the visitors 
gallery and the large machinery on 
the lower floor. Insulated dark rooms 
and laboratories are separately electri- 
cally heated and air-conditioned, and the 
exhaust fumes are transported ‘under- 
ground away from the building. 

What, if any, value will this great 
telescope have for Mr. John Q. Public? 
From the narrow monetary point of 
view it is doubtful if anyone will be 
wealthier because of the new reflector. 
But if man were to operate only those 
projects which benefit him financially, 
he would develop little culture. For- 
tunately, the discoveries and achieve- 
ments of specialists in science, art, liter- 
ature, and music, become accessible to 
everyone who is interested. In a very 
real sense this new Hale telescope is the 
property of all people. ‘The pictures 
that it procures will be available to all 
who care to study them. Progress with 
the 200-inch will be interpreted and re- 
ported to the public through all our 
modern newscasting services. 

New discoveries will come slowly 
from Palomar Mountain. Research of 
the type done at our observatories today 
is mainly by the study of carefully ex- 
posed photographic plates. Further care 
is required in the reduction of data and 
in its interpretation in the light of other 
observations. It may well be that this 
instrument, as did the 100-inch before 
it, will open up more problems which 
may seem to require even a larger tele- 
scope to solve. 
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J. Hugh Pruett 








Etched faces of two iron meteorites: (left) Henbury, Australia, medium octahe- 
drite; (right) Carlton, Texas, fine octahedrite. 


Meteorite Specimens 


Many of the natural history museums 
in large cities have on display splendid 
collections of meteorites, such as that at 
the Hayden Planetarium of the Ameri- 
can Museum of Natural History in 
New York City. Five hundred and six- 
teen finds are housed in the American 
Meteorite Museum, about five miles 
north of the world-famous Canyon 
Diablo meteorite crater. (See Sky and 
Telescope, VII, 151, April, 1948). Me- 
teoriticists everywhere are always glad 
to inspect and test specimens of metal or 
stone suspected of being meteorites. But 
meteorites are solid and heavy. Very 
light and porous materials, although cor- 
rectly judged to have been at some time 
subjected to great heat, are not the real 
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thing. They are very likely clinkers 
from a furnace or from the burning of 
a strawstack or the roots of a tree. The 

. ° e- ” 
great majority of other “irons” and 
“Stones” turn out to be commonplace 
geological specimens. 


Fusion Crust 


Freshly fallen meteorites are covered 
with a thin layer of material which is 
usually very dark in color, often black. 
This is the resolidified surface which 
was in a molten condition during the 
last of the visible flight. The exact 
appearance of this fusion crust depends 
upon the composition of the meteorite. 
In some kinds of meteorites the crust 
looks like a shiny coat of varnish; in 
others it is rough and scoriaceous. 
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Eclipses 


That mythical dragon which on nu- 
merous occasions —in more-or-less an- 
cient times — attempted to swallow the 
sun or moon and thus deprive earth 
dwellers of the beneficent glow of these 
luminaries, seems nowadays to be about 
“on his last legs.” The supposed ex- 
planation of such darkenings as due to 
the gulpings of this sinister monster ap- 
pears far too simple for modern astron- 
omers. They would have us exercise 
our minds a little more intensely if we 
are thoroughly to understand the real 
causes of eclipses. In return we are 
spared the soul-racking fear which 
gripped the ignorant ancients at the oc- 
currence of such harmless celestial dis- 
plays. 

From the original Latin and Greek, 
eclipse means “to fail,” or “to leave 
out.” This is fairly evident, for the 
light of the sun or moon does fail as far 
as we are concerned. In solar eclipses 
the sun’s light diminishes or disappears 
because the moon, which is not self-lu- 
minous, gets between us and the sun. In 
the corresponding lunar phenomena, the 
earth blocks direct sunlight from the 
moon by passing between the sun and 
moon. Solar eclipses occur only at new 
moon; lunar eclipses only at full moon. 
An eclipse is described as partial if only 
part of the heavenly body concerned 
appears to darken; total if it is entirely 
“blacked out.” There is a third type 
known as annular, but it is actually only 
a special form of a partial solar eclipse. 
The term is not from annual, meaning 
yearly, but from annulus, a ring. The 
moon’s distance from the earth varies 
during a month from approximately 
221,500 to 252,700 miles, so it has a 
greater apparent diameter at certain 
times than at others. The sun’s dis- 
tance also changes, but not by so large 
a percentage. Because of these varia- 
tions, the moon at times appears wider 
than the sun and can completely cover 
the latter, if properly placed, and pro- 
duce a total solar eclipse. But when 
the moon’s apparent diameter is less 
than that of the sun, it cannot quite 
cover our central luminary and leaves 
the outer rim still shining in the form 
of a ring of light around the moon, 
whose dark side is turned toward us. 
This gives the beautiful annular, or 
ring, eclipse. An annular lunar eclipse 
is impossible with the present planetary 
arrangements, since the earth’s shadow 
at the moon’s distance is always almost 
three times as wide as our satellite’s 
diameter. 


A slab from the Springwater, Saskatch- 
ewan, stony-iron meteorite. The white 
portions of the photograph are silvery 
in the specimen; the darker portions are 
black and amber crystals of olivine. 
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NEWS NOTES 


R. A. MILLIKAN HONORED 


A three-day symposium on cosmic 
rays was held at the California Institute 
of Technology in June, in honor of Dr. 
Robert A. Millikan’s 80th birthday. 
Dr. Millikan has devoted 22 years to 
research on the nature of cosmic rays. 
Distinguished visitors at the symposium 
came from Ireland, England, France, 
and Latin-America, and included three 
American Nobel prize winners. 

Among those presenting papers were 
Dr. G. D. Rochester, Manchester Uni- 
versity, England; Dr. J. Robert Oppen- 
heimer, Institute for Advanced Study, 
Princeton University; Dr. Bruno Rossi, 
Massachusetts Institute of Technology; 
and Dr. M. S. Vallarta, of Mexico. Dr. 
Rochester reported on isolating a meson 
with 1,000 times the mass of an electron 
(three to five times heavier than mesons 
formerly detected); while Dr. L. Le- 
prince-Ringuet, of Paris, showed evi- 
dence obtained in the Alps of a meson 
with half the mass of a proton or, pre- 
sumably, about 900 times that of an 
electron. 

Dr. Millikan recounted his theory 
that cosmic rays are produced through 
an atom-annihilation process when atoms 
in interstellar space meet and destroy 
each other. Other scientists present held 
different views. Dr. Vallarta discussed 
a new theory showing how the rays 
might be initiated by electromagnetic 
storms in the sun and stars. 





OSLO MEETING 


The International Union of Geodesy 
and Geophysics was scheduled to hold its 
meetings at Oslo, Norway, on August 
17-28. The agenda for the sessions of 
the Association of Terrestrial Magne- 
tism and Geodesy lists over 100 papers, 
reports, and topics for discussion. Many 








By Dorrit HorFrLeit 








will be of interest to astronomers, es- 
pecially to those concerned with solar 
and meteoric phenomena. Dr. John A. 
Fleming is chairman of the committee 
on the study of the relationship between 
solar activity and terrestrial magnetism, 
while L. Vegard led a discussion in 
which II papers were presented cover- 
ing solar eclipse observations, radio fade- 
out effects, and the problem of the origin 
of ionized regions of the atmosphere. 
In fact, a great many of the papers dealt 
with both theoretical and observational 
aspects of the ionosphere. 

C. Stoermer is chairman of the 
auroral committee, and S. Chapman re- 
ported on international collaboration for 
promoting the study of the influence of 
the moon on geophysical phenomena. 
Jointly with the Association of Meteor- 
ology there were discussions on the 
physics of the upper atmosphere, includ- 
ing work on auroras, meteors, and radio 
phenomena. At least three papers dealt 
with studies of meteors involving radar 
or radio instrumentation. 





AAAS CENTENNIAL 


A meeting celebrating the 100th anni- 
versary of the American Association for 
the Advancement of Science will take 
place in Washington, D. C., September 
13-17. There will be 15 symposia pre- 
sented, with three speakers each. One 
symposium is on problems of the earth’s 
gaseous envelope, its theme described by 
Dr. D. H. Menzel, of Harvard Observa- 
tory, in Science, for June 18, 1948. Ten 
evening lectures will be given, the first 
by Dr. Harlow Shapley, retiring presi- 
dent of the AAAS, on “One World of 
Stars,” September 13th. 

Instead of the usual AAAS exhibition, 
there will be tours and visits to some 40 
educational and scientific institutions in 
the Washington area. 





COMET HONDA-BERNASCONTI (19483) 





This picture of Comet Honda-Bernasconi was taken at Lowell Observatory on 

June 13, 1948, by Henry L. Giclas, with the 13-inch photographic telescope. 

See page 221 of this volume for details of the discovery of this comet, which has 

faded to 12th magnitude or fainter. It passed perihelion on May 15th, at a dis- 
tance of 1/5 astronomical unit, but is now rapidly receding. 
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ATTENTION ASTRONOMERS 
AND PHILATELISTS 


Postmaster General Jesse M. Don- 
aldson has announced a new 3-cent post- 
age stamp of particular interest to 
astronomer-philatelists. The first stamps 
of the authorized 50 million initial 
printing will go on sale at Palomar 
Mountain on August 30th. Samuel 
R. Young, Washington, D. C., ama- 
teur astronomer and executive assistant 
to the postmaster general, will repre- 
sent the latter at the observatory cere- 
monies when the first stamp goes on 
sale. 

Anyone desiring first-day cancella- 
tions may send not more than 10 self- 
addressed envelopes to Postmaster, Palo- 
mar Mountain, Calif., with postal note 
or money order to cover the cost of the 
stamps to be affixed. 





LINK OBSERVATORY GIVEN 
TO INDIANA UNIVERSITY 


The Goethe Link Observatory, largest 
in Indiana and situated 25 miles south 
of Indianapolis, has been presented to 
the astronomy department of Indiana 
University by Dr. and Mrs. Goethe 
Link, of Indianapolis. In addition, the 
donors have established a foundation 
for scientific research to furnish an in- 
come to maintain the observatory. 

A 36-inch reflector on a _ two-pier 
cross-axis mounting is the principal in- 
strument at the Link Observatory. The 
dome is 34 feet in diameter. Present 
equipment includes a photoelectric pho- 
tometer, and it is planned to add a 
spectrograph. A_ 10-inch, wide-angle 
camera is to be installed in a separate 
building, to carry on asteroid observa- 
tions. 

The Indiana University department 
of astronomy at Bloomington, directed 
by Dr. Frank K. Edmondson, has 
worked considerably with the Link tele- 
scope since its completion in 1939. Of 
chief importance have been observations 
of galactic clusters by Dr. James Cuffey. 
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Nebulosity in the Pleiades. 


PART II 


Third Hypothesis: 


Filaments 


The Formation of 


Our attempts to solve our problem on 
the basis of spherical condensations 
having proved unsuccessful, it becomes 
necessary to approach the matter from 
a somewhat different angle. 

To begin with, it may be remarked 
that we are called upon to discuss the 
question of stability in a thin sheet of 
material, and that this constitutes a 
problem in two dimensions rather than 
three. When waves are formed on the 
surface of a sheet of water, it is notice- 
able that, in general, the waves take the 
form, not of humps, but of long con- 
tinuous lines. If a disturbance of this 
character is a prelude to gravitational 
instability, then the condensations 
formed may be expected to be in the 






This picture was taken with the 24-inch 
reflector of Yerkes Observatory by G. W. Ritchey. The exposure was 
3% hours. Yerkes Observatory photo. 


shape of filaments or rings rather than 
in the shape of spheres or spheroids. 

Again, if the movement of the scat- 
tered material in the neighborhood of 
an embryo condensation is examined it 
will be found to be significant. 

Let the center of the disk be taken 
as origin. Let the point C (o,r) be the 
center of an embryo condensation, and 
let P (x, r + y) be a point close to C, 
that is to say, let x and y be small com- 
pared with r. 

Let I’ denote the orbital velocity at 
C, with components I’, 0. The orbital 
velocity is not constant, but may vary 
with r; let the rate of change be de- 
noted by dV/dr. Then the orbital 
velocity at P is ’ +ydV/dr, and its 
components are / + ydV'/dr, xV/r. The 
components of velocity of a particle at 
P referred to the center of the conden- 
sation at C are therefore ydV /dr, xV/r. 

The actual value of dV /dr depends 
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Rid Shapers 
in the 


History of Stellar 
Ewolution 


By K. E. EpGEwortu 


on the distribution of mass in the 
galaxy, but, generally speaking, when 
there is some central condensation, 
dl'/dr is negative and less than /’/r. 
Let us put it equal to —'%4V’/r, so that 
the components of velocity at P are 
—VYyV/r, xV/r. The results derived 
from this formula are shown in Fig. 1. 
The large arrows indicate the orbital 
velocity of the local system about the 
center of the galaxy, and the small ar- 
rows, the local velocities relative to the 
condensation. It will be observed that 
the material along the line XX is mov- 
ing inwards, and it is clearly more 
probable that condensation, when it oc- 
curs, will take place in this direction 
rather than in any other. 

We are led by considerations of this 
sort to the hypothesis that a rotating 
disk of gas, when it becomes unstable, 
will probably break up into a number 
of long parallel filaments, and this in- 
ference receives some support from ob- 
servation. When clouds of interstellar 
material are illuminated by stars, as in 
the region of the Pleiades, large-scale 
photographs show a set of regularly 
spaced streaks. 

The conditions in the two cases are 
different, and the filaments postulated in 
the present theory are much larger than 
the streaks appearing in the photographs, 
but the tendency to form streaks rather 
than spherical condensations provides 
important confirmation of the theory. 

The size of the filaments is deter- 
mined by considerations of the kind 
already discussed in the case of spherical 
condensations, that is to say, the diameter 
cannot be less than a certain minimum. 
This minimum is of the order of 
5 x 10/9 centimeters, or one thousandth 
part of the diameter of the sun’s orbit 
about the center of the galaxy. The 
corresponding density is 2.5 x _ 10!8 
grams per cubic centimeter. If it is 
assumed that the length of the filament 
was, say, five times its original diameter, 
then its total mass would be that of 
about 10 million stars. 

Once formed, a filament is gravita- 
tionally unstable in a radial direction, 
so that it continues to shrink upon itself. 
It is also longitudinally unstable, but 
to a lesser extent. The longitudinal 
instability is important because, although 
it is at first insufficient to cause a com- 
plete rupture, it destroys the initial 
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uniformity of the filament and makes 
the distribution of mass very uneven. 
In the early stages the material was 
so tenuous that it was completely trans- 
parent, and there was no obstacle to the 
escape of heat, so that contraction pro- 
ceeded unchecked. Ultimately, however, 
the increase of density which was associ- 
ated with the contraction rendered the 
material opaque, the escape of heat was 
retarded, and the process of contraction 
slowed down. Longitudinal instability 
then intervened and the filament broke 
into fragments. Finally, these fragments 
contracted upon themselves to form the 
actual stars. The radial contraction of 


Fig. 1. Orbital and local velocities tend 
to produce condensation along XX. 


the filament, from the time it was first 
formed until it broke up, was probably 
of the order of one in a_ hundred 
thousand. 

It will be remembered that the first 
condition that a theory of stellar evo- 
lution is called upon to meet is that the 
initial condensations must be sufficiently 
large for the process of contraction to 
begin. ‘The filament theory satisfies this 
condition. 

We now turn to the question of ro- 
tation. It has just been mentioned that 
the radial contraction of the filament 
may have been of the order of one in a 
hundred thousand, but contractions of 
this order cannot be illustrated in a 
diagram. To explain the point let us 
compare a sphere undergoing a radial 
contraction of 1:4, corresponding to a 
contraction of volume of 1:64, with a 
filament undergoing a radial contraction 
of 1:8, corresponding to a similar change 
in volume. 

In the case of a spherical contraction, 
the original sphere contracts to form a 
new sphere of one quarter the original 
diameter, as shown in Fig. 2. Angular 
momentum is proportional to the area 
swept out in unit time, so that a radial 
contraction of 1:4 involves a reduction 
of the area swept out of 1:16 and an 
increase of 16 times in the speed of 
rotation. 

The filament, on the other hand, as 
shown in Fig. 3, shrinks to one eighth 
of its original diameter, but the length 
remains practically unaltered. Since the 
angular momentum depends on_ the 
length of the filament and is not affected 
by the radial contraction, the speed of 
rotation remains substantially un- 


changed. Ultimately, when the fila- 
ment breaks up, the angular momentum 
assumes the form of relative motion of 
the different fragments and the rotation 
of the fragments themselves remains 
quite small. In this way the filament 
theory entirely escapes the difficulty ex- 
perienced by the former theories in ex- 
plaining the low angular momentum of 
the sun. In fact, the angular momentum 
of the sun, as calculated from the fila- 
ment theory, is considerably less than 
the angular momentum of the sun at the 
present time. 

Finally we come to the question of 
the survival of the intermediate struc- 
ture, which, in this case, is the filament. 
In our earlier theory we met the diff- 
culty that a cluster of stars, once formed, 
would persist to the present day, but no 
such difficulty arises in the case of the 
filament theory. In the time required 
for two or three revolutions of the 
galaxy the main structure of the filament 
would have disintegrated. 

It would not be correct to say, how- 
ever, that the filament would leave no 
trace of its existence. It has already 
been mentioned that longitudinal insta- 
bility would develop while the filament 
was still contracting, and that this 
would result in local increases in density 
of very varying character. The final re- 
sult would be to produce just that com- 
bination of single stars, binary stars, and 
multiple systems which is actually 
observed. 

It will thus be seen that our third 
hypothesis removes the various difficul- 


Fig. 2. (Right) Contract- 
ing sphere. 


Fig. 3. (Below) Contract- 
ing filament. 
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ties encountered in the earlier theories, 
but this is not all. It offers a solution 
to an entirely different problem which 
has long been a puzzle to astronomers. 


Angular Momentum in the Solar Sys- 
tem 


The hypothesis that the solar system 
was evolved from a rotating cloud of 
gas is usually associated with the name 
of Laplace, and there is no doubt that 
he made some very relevant and very 
important contributions to the theory of 
the subject. His views were amplified 
and expanded by his successors, and 
difficulties have developed for which 
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Laplace has been held responsible. But 
it may well be suggested that Laplace 
has been misunderstood, and that subse- 
quent writers have attributed to Laplace 
opinions which he never actually ex- 
pressed. However, as Kipling would 
say, that is another story. 

The point is this. The angular mo- 
mentum of the solar system is almost 
entirely due to the orbital motion of the 
major planets; the angular momentum 
of the sun, due to its rotation, is less 
than three per cent of the whole. A 
contracting cloud of gas is necessarily 
arranged so that the angular momentum 
per unit mass at the equator is greater 
than it is near the center, but no con- 
ceivable arrangement of material and 
angular momentum in the original cloud 
could possibly lead to the distribution 
of angular momentum in the solar sys- 
tem as it actually exists. 

The only way out of the difficulty is 
to assume that the material forming 
the sun and the material which forms 
the planets were derived from two 
different sources. This consideration 
has led to the development of theories 
of the collision type, but such theories 
are open to very grave objections, for 
example: 

1. The probability that a collision, or 
a close encounter, will occur in the time 
available is so slight that such theories 
lack plausibility. 

2. The filament of material which 
might be detached from one or other of 
the stars would be at a high tempera- 
ture, and would be of les§ than stellar 
mass. As we have already seen, in dis- 
cussing the formation of the stars, such 
a filament would not condense but 
would be dissipated into space. 

3. The angular momentum of the de- 
tached material about the sun would 
not be large enough. 

4. Collision theories cannot explain 
the low angular momentum of the sun, 
and it is this, rather than the large 
angular momentum of the planets, that 
really needs explanation. 

These are formidable objections, and 
collision theories, although they have 
survived until recently in default of 
anything better, have never appeared to 
be very satisfactory. 

The filament theory of stellar evolu- 
tion provides a very simple and perfectly 
straightforward solution to the problem. 
Following the condensation of the stars, 
as already described, it may be supposed 
that a certain amount of material es- 
caped the original cataclysm and _re- 
mained scattered in space. This mate- 
rial would be captured by the stars and 
would be available to form the planets. 
It may be supposed that the region from 
which the material was captured was 
roughly spherical in shape, so that its 
angular momentum can be calculated in 
the manner already described in con- 
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Northwest Regional Convention 
at Portland, Oregon 


At the June convention of the North- 
west region of the Astronomical League, 
according to The Observer of the 
Yakima Amateur Astronomers, the fol- 
lowing were elected regional officers: 
James H. Karle, Portland, chairman; 
Edward J. Newman, Yakima, vice- 
chairman; Margaret V. Edgar, Port- 
land, secretary; and C. G. Benson, Port- 
land, treasurer. From Wisconsin, Dr. 
C. M. Huffer, chairman of the North 
Central region, attended the convention 
of the Northwest region. 

Following the turkey banquet served 
on Saturday evening, June 12th, to over 
50 delegates and guests, Dr. R. M. 
Petrie, of the Dominion Astrophysical 
Observatory, discussed “Some Problems 

of the Motions of the Stars” before a 
large audience in the Central Library 
in Portland. 

Several sessions for papers and a busi- 
ness session were included on the pro- 
gram. The convention exhibit was set 
up in the science building. The conclud- 
ing features of the convention were a 
tour of the Lewis and Clark College 
campus and a visit to the 12-inch Evans 
telescope, which has recently been do- 
nated to the college by Mrs. Guy Evans, 
widow of the amateur who built the 
instrument. 


Amateur Astronomers 


METEOR SOCIETY REGIONS 


The organization of the western por- 
tions of the United States for the purpose 
of gathering reports of meteor observa- 
tions for the American Meteor Society is 
now fairly complete. Dr. Charles P. 
Olivier, Flower Observatory, University 
of Pennsylvania, president of the society, 
has announced that the states of Colorado, 
Utah, Arizona, and New Mexico form a 
region under the directorship of Dr. Lin- 
coln La Paz, head of the Institute of Me- 
teoritics, University of New Mexico, Albu- 
querque. 

States to the west are directed by Dr. 
J. Hugh Pruett, General Extension Divi- 
sion, University of Oregon, Eugene, Ore., 
who has sectional assistants in: 

Southern California: John Buddhue, 
chemist, 99 S. Raymond Ave., Pasadena 
2, Calif. 

Northern California: Dr. Earle G. Lins- 
ley, research associate in astronomy, Cali- 
fornia Academy of Sciences, San Fran- 
cisco, Calif. 

Nevada: Professor G. B. Blair, profes- 
sor of physics and astronomy, University 
of Nevada, Reno, Nev. 

Oregon: Phil F. Brogan, city editor of 
the Bulletin and chairman of the Oregon 
Geographic Board, Bend, Ore. 

Washington: Walter Oberst, science in- 
structor, High School, Pasco, Wash. 

Idaho: Miss Eleanor Sandmeyer, Buhl, 
Idaho. 

All western amateurs who observe me- 
teor phenomena or who learn of observa- 
tions of bolides and fireballs by others 





LETTERS 


Sir: 

During the last few months here at 
General Electric, we have been doing some 
experimental work with the infrared image 
tubes that are used in the U. S. Army’s 
sniperscope. These tubes are made to 
change an infrared image into a visible 
light image. We have discovered that if 
one of these tubes (Farnsworth 1P25) is 
mounted at the prime focus of a telescope, 
the planetary and moon images are seen 
with a good deal more steadiness, as this 
tube allows us to observe visually in the 
infrared region, as the infrared. light 
is disturbed less than the visible light. 

We hope some of the amateur astrono- 
mers and professional men give this 
scheme a further trial, as the tubes should 
be available on the surplus market. 

C. G. BACON 
General Engineering and 
Consulting Laboratory 
General Electric Co. 
Schenectady 5, N. Y. 
Sir: 

“In the seventeenth century it was 
a favorite device to make a clock show 
sidereal time as well as mean solar 
time. The length of the sidereal day is to 
the mean solar day as 0.99727 is to 1, and 
various attempts have been made by trains 
of wheels to obtain this relation — but all 
are somewhat complicated.” 


Coming upon this statement in the En- 
cyclopaedia Britannica (11th Ed., Vol. 6, 
page 551), I thought that what may have 
seemed complicated a few hundred years 
ago may not appear to be so today, and 
| determined to find one or more gear ra- 
tios which would give sidereal time cor- 
rect to 1/20 of a second per year or better. 
I used the length of the tropical year for 
1950 as my starting point and sought two 
numbers M and N such that M is to N 
as 366.24219572 is to 365.24219572. Sur- 
prisingly enough, up to about 620,000, 
which was as far as I went, there are 
more than 400 such number pairs within 
the degree of accuracy of 1 part in 633,- 
000,000 which I had set for myself, but 
only a few of these are usable. This is 
because the nature of the problem also 
requires that neither M nor N be prime 
numbers nor contain prime factors larger 
than about 1,000, as the making of gears 
with more than this number of teeth is 
not practical, 

The smallest number pair found to 
meet these conditions was 57,500 and 
57,343. The first of these numbers is the 
product of 250 and 230, while 57,343 is the 
product of 143 and 401. For ease of pres- 
entation, this may be written as: 57,500/ 
57,343 = 250 - 230/143 - 401 = 23 - 25 - 100/ 
11-13- 401. 

A sidereal clock driven by this gear ar- 
rangement would gain 0.037268 sidereal 
seconds per year or one second in about 
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should report available information to the 
nearest of the above-named persons as 
soon as possible. Local newspapers should 
be watched for requests for reports and 
assistance given in collecting them, if one 
wishes to increase our knowledge of me- 
teoric phenomena. 





THIS MONTH’S MEETINGS 


Chicago: “The Planet Mars: Another 
World,” is the title of the Jecture to be 
given by Dr. Gerard P. Kuiper, of Yerkes 
and McDonald Observatories, at the reg- 
ular meeting of the Burnham Astronomi- 
cal Society on Tuesday, September 14th, 
at 8:00 p.m. in the Chicago Academy of 
Sciences. 

Columbus: Dr. J. Allen Hynek, of the 
Ohio State University’s McMillin Ob- 
servatory, will describe his recent visit 
to Mount Palomar at the first fall meet- 
ing of the Columbus Astronomical So- 
ciety. The meeting is on September 28th 
at McMillin Observatory. The lectures on 
elementary astronomy preceding the reg- 
ular monthly meetings will be continued 
this coming season. 

Indianapolis: Meeting at the Johnson 
Observatory on September 5th, the Indi- 
ana Astronomical Society will hear a lec- 
ture by Emsley Johnson on “Knowing 
the Stars.” 

Kalamazoo: A potluck supper will be 
held by the Kalamazoo Amateur Astro- 
nomical Association on September Ii1th, 
6 o'clock at Wolf Lake. Burke Hazelrigg 
will speak on “Finding Our Way Around 
the Sun,” and Clayton Howe will show 
pictures. 

Los Angeles: On Tuesday, September 
14th, Dr. Walter Baade, of the Mount Wil- 
son Observatory, will discuss “Galaxy and 
Stellar Populations,” before the Los 
Angeles Astronomical Society, at 7:45 p.m. 
in the planetarium of the Griffith Observ- 
atory. 





Tennessee Amateur Dies 


Latimer J. Wilson, vice-president of 
the Barnard Astronomical Society at 
Nashville, Tenn., died on May 17th in 
his 70th year. He was an instructor at 
Watkins Institute, and succumbed to a 
heart attack while preparing to teach a 
class. He was still very active in his 
astronomical pursuits. 

A native of Nashville, Mr. Wilson 
did much to popularize astronomy in 
that city, while his contributions to astro- 
nomical publications came so regularly 
during most of his life that his name was 
well known to most amateurs and pro- 
fessionals. He consistently made visual 
observations of the moon and planets, 
and took excellent photographs of many 
kinds of celestial objects. His latest ex- 
perimentation was in the taking of 
stellar spectra with war-surplus prisms. 

He was trained to be a musician and 
artist, turned to writing fiction and then 
science, was associate editor of Popular 
Science magazine from 1919 to 1922, 
and added aeronautics to his interests in 
later life. For a time in the ’30’s he 
was director of the Chattanooga Ob- 
servatory. 
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AMERICAN ASTRONOMERS REPORT 


Here are highlights of some papers presented at the 79th meeting of the American Astronomical Society 
at Pasadena, California, in June. Complete abstracts will appear in the Astronomical Journal. 


Radio and Sunspots 
[IF THE ANTICIPATED decline 
in sunspot numbers during 1948- 
1949 comes true, short-wave radio com- 
munications can be expected to improve 
during daytime hours at a frequency of 
five megacycles, but to become poorer 
both day and night at 10 megacycles. 
Results from data obtained at the Cos- 
mic- Terrestrial Research Laboratory of 
Massachusetts Institute of Technology 
were reported by Dr. Harlan T. Stetson. 

He showed records of reception at 
Needham, 373 miles from Beltsville, 
Md., where is located the National Bu- 
reau of Standards transmitter for the 
standard frequency and time-signal waves 
which Dr. Stetson uses for his observa- 
tions. The period of his observations 
covers the rise in sunspot activity from 
minimum about 1944 to near maximum, 
the latter occurring in May, 1947. It is 
well known that at maximum sunspot 
activity there is more ionization of the 
radio reflecting layers in the earth’s up- 
per atmosphere, but this change does not 
affect all wave lengths similarly, as Dr. 
Stetson’s results show. 

For nighttime reception, from 10 p.m. 
to 2 a.m., five-megacycle energy increased 
steadily with sunspots to a maximum 
value corresponding to a sunspot number 
of 110. Thereafter a fall in field inten- 
sities was observed as the sunspot num- 
ber rose to a value of 150, the maximum 
of the mean monthly sunspot number en- 
countered. This decline in field strength 
Dr. Stetson explains by the attenuation 
of the waves by the increased ionization 
of the lower layers through which the 
nighttime wave must pass in its propaga- 
tion from Beltsville to Needham. Just 
what will happen to the nighttime recep- 
tion of the five-megacycle frequency as 
sunspots decline remains to be seen. 

For daytime reception, the five-mega- 
cycle band gave poorer results as sunspots 
increased. For 10 megacycles, however, 
reception improved considerably dur- 
ing both daytime and nighttime hours. 
This is how one may predict worsening 
reception conditions, at least for propa- 
gation distances of about 400 miles, as 
sunspots decline again. At the extreme 
maximum of solar activity, however, 
the nighttime 10-megacycle wave also 
showed a decline in field strength similar 
to that of the five-megacycle wave, but up 
to a sunspot number of 144 it had in- 
creased. 

As a result of Dr. Stetson’s work, he 
states that for practical purposes the 
continuous time signal from the National 


Bureau of Standards (Station WWV) 
can best be received during high solar 
activity in the daytime on the 10-mega- 
cycle frequency, whereas during the 
night hours much greater facility will be 
had by using five megacycles — at least 
for reception of some 400 miles. 

As a corollary to this work, Dr. Stet- 
son reported on current results with his 
program of many years’ duration: the 
reception at Needham of the commercial 
broadcasting station WBBM, Chicago, 
851 miles away. During the recent sun- 
spot increase this reception has steadily 
and strikingly become worse, so for the 
normal broadcast bands the decline in 
sunspots now occurring can be expected 
to bring improved radio conditions. 


Magnetic Fields in Stars 
CERTAIN STARS of spectral class 


A contain in their spectra lines of 
the metallic elements in addition to the 
normally prominent lines of hydrogen. 
Some years ago, Dr. W. W. Morgan, of 
Yerkes and McDonald Observatories, 
concluded that “some physical factor 
other than temperature and surface grav- 
ity is concerned in the production of the 
spectra of the 4 stars.” It is in this 
class of star that the strongest stellar 
magnetic fields have been found within 
the past two years, and Dr. Horace W. 
Babcock, of Mount Wilson Observatory, 





The intensity of the WWV five-mega- 
cycle signal as received at Needham 
during the recent increase in sunspot 


numbers. Plotted from 12-month run- 

ning means of monthly values, 1945- 

1947. Diagram by Cosmic-Terrestrial 
Laboratory. 


believes the conclusion is practically in- 
escapable that the missing physical factor 
is the magnetic field. 

This is but one case of the application 
of Dr. Babcock’s work on the magnetic 
intensification of absorption lines in stel- 
lar spectra. In a magnetic field of a few 
kilogauss, the splitting of a line, initially 
of moderate intensity, into the several 
components of the Zeeman pattern may 
markedly increase its width without re- 
quiring any change in the number of 
atoms involved in producing the line. The 
degree of intensification depends prima- 
rily upon the strength of the magnetic 
field of the star, upon the number and 
separation of the Zeeman components 
of the line as compared to its thermal 
Doppler width, and upon the initial in- 
tensity of the line. 

The lines of ionized europium in the 
magnetic variable star HD 125248 pro- 
vide a striking example of magnetic in- 
tensification. The predicted pattern of 
the Eu II line at wave length 4205 ang- 
stroms has 23 components uniformly dis- 
tributed over a range 2.75 times as wide 
as a normal Zeeman triplet. In HD 
125248, the Eu II lines vary enormously 
in intensity with a regular period of 9.295 
days, and at Eu II maximum the varying 
polar magnetic field of the star reaches 
the extraordinary value of about 7,800 
gauss, the strongest magnetic field known 
in nature. The overall width of the 
4205 line in HD 125248 at Eu II maxi- 
mum is about 0.35 angstrom, compared 
to only 0.023 angstrom for the thermal 
Doppler width. The rotational broaden- 
ing of the star’s lines is negligible. 

In closing his paper, Dr. Babcock 
pointed out that although rapid strides 
are being made in studying the magnetic 
fields in the sun and other stars, such 
things as variations in magnetism are as 
yet unexplained, and that the major 
problem of the source of the field itself 
remains unsolved. 


A Damped Oscillation 


ROM 1904 to 1931, spectrum lines 

formed in the atmosphere of the 
naked-eye star 48 Librae (spectral type 
Ae) had yielded a nearly constant ve- 
locity which presumably was that of the 
star as a whole. In 1935, displacements 
of the lines showed that an outward 
surge of the atmosphere was under way. 
Dr. Paul W. Merrill, of Mount-Wilson 
Observatory, reported that this surge 
continued until 1939, with a maximum 
outward velocity of about 110 kilo- 
meters per second in 1937. If through- 
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out this interval the spectrum lines were 
produced by the same atoms, these atoms 
would have traveled outward about 50 
astronomical units. It is much more 
likely that the lines were produced by 
a succession of atoms passing through a 
fixed (or nearly fixed) zone of absorp- 
tion above the star. 

From 1939 to 1943, the motion was 
inward with a maximum velocity of 40 
kilometers per second in 1941. Since 
1943, as the velocity curve shows, the 
motion has again been outward, but its 
velocity is now gradually decreasing. 
Hence it appears that the disturbance 
which, occurred about 1934 produced 
an oscillation subject to strong damping. 

Most of the spectrograms show pro- 
gressive changes in velocity from line 





The fluctuations of spectral line posi- 


in 48 Librae. Diagram from 
Mount Wilson Observatory. 


tions 


to line along the Balmer series of hydro- 
gen lines. ‘These changes are probably 
related ww pressure and thus to the height 
above the star’s photosphere at which 
the lines are produced. On this hypoth- 
esis, the results indicate that the net 
acceleration in the atmosphere is out- 
ward whether the velocity is outward or 
inward; and that the acceleration has 
diminished gradually since 1937. 


Meteor Orbits 
S A WORKING HYPOTHESIS 


concerned with the general problem 
of the origin of the solar system, Dr. 
Fred L. Whipple, Harvard College Ob- 
servatory, prefers to associate generically 
all or nearly all of the brighter visual 
meteors, and those bright enough to be 
photographed, with comets rather than 
with meteorites and asteroids. His pref- 
erence in this matter was expressed at 
the conclusion of his paper, in which he 
reported that the orbits of 45 photo- 
graphic meteors have been determined 
with considerable precision by Harvard’s 
two-station rotating-shutter method. 

Of these 45 meteors, 28 were found 
to belong to one of seven meteor showers, 
nine meteors were sporadic, and eight 
more were uncertainly associated with 
showers. 

Dr. Whipple has related his findings 
of the elements of meteor orbits with the 
same characteristics of the orbits of 
comets, with meteorites in space, and 
with asteroids. He believes that bright 
meteors are the debris of comets rather 
than that they are simply small meteorites 
or asteroids. His preference is based upon 
many cases of obvious association; simi- 
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larities in orbital characteristics among 
sporadic meteors, shower meteors, and 
short-period comets; the fact that me- 
teorite falls suggest little or no shower 
association ; and the selective elimination 
of small asteroidal particles as time 
passes. 

With his associate at Harvard, Miss 
Frances W. Wright, Dr. Whipple also 
reported on October meteor showers. In 
the month of October from 1891 through 
1947, 147 meteors (179 trails) have been 
photographed on Harvard plates. Of 
these meteors, 46 per cent have been 
identified as belonging to showers, and 
54 per cent are sporadic. Miss Wright 
has discovered a new shower active from 
October 2nd to 10th with maximum on 
October 6th, its apparent radiant in 
Pegasus. The Orionids, a well-known 
shower, account for about 20 per cent of 
the October meteors. An identification 
of the shower with Halley’s comet re- 
mains reasonable but unproven. 

The meteors observed at Harvard over 
such a long period are a result of the 
patrol-camera survey constantly main- 
tained at that institution. Small, wide- 
field cameras take long exposures to re- 
cord any astronomical event, such as the 
flight of a meteor. From two stations 
about 25 miles apart, if the same me- 
teor is photographed, calculations of its 
height can be made. If the cameras are 
equipped with a rotating shutter to chop 
the meteor’s trail into short lengths, the 
velocity of the meteor can be determined 
and its orbit in space computed. 


Stars and Nebulosity 
OMBARDMENT of small, cool 


stars in clouds of interstellar nebu- 
losity by the dust particles of the clouds 
appears to supply just the required 
amount of energy to make peculiar bright 
lines in the spectra of these stars. On the 
other hand, very luminous blue and white 
stars in such a dark nebula are known to 
repel the dust by the action of the out- 
ward pressure of their interse light, so 
that the particles of the cloud cannot fall 
into the atmospheres of these bright stars. 

One result of recent work by Drs. 
Otto Struve and Mogens Rudkjébing, of 
Yerkes and McDonald Observatories, is 
that the small, red stars seem actually to 
be increasing in mass by the accretion 
of matter falling into them from the dust 
clouds in which they are imbedded. Dr. 
Struve characterized as “premature” any 
conclusion that these peculiar emission- 
line stars are really in the process of for- 
mation, but he regards this as a useful 
working hypothesis in our studies of 
stellar formation and evolution. 

Two years ago astronomers were 
thrilled by the announcement from 
Mount Wilson Observatory that Dr. A. 
H. Joy had observed some 40 stars with 
strong emission lines in their spectra 
which were located in the vicinity of the 
great dust clouds in the constellation of 
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Taurus. Dr. Joy suggested that the 
bright radiations of hydrogen, calcium, 
and other gases might be connected with 
the presence of diffuse matter in the vi- 
cinity of these stars. 

In order to extend this study, the 
Yerkes astronomers have used the 82- 
inch McDonald reflector to obtain spec- 
tra of stars in the enormous opaque mass 
of cosmic dust which is located in the 
constellations Ophiuchus and Scorpius, 
about halfway between the bright stars 
Rho Ophiuchi and Sigma Scorpii. The 
stars in this region are mostly faint, and 
there are very few of them, because the 
dark cloud, at a distance of about 325 
light-years from us, practically obliter- 
ates the light of the stars behind. 

The-bright-B-and_/ stars in the cloud 
were found to be in no way abnormal in 
their spectra, indicating that they did not 
“associate” with the nebulosity. Among 
the faint stars, a nest of emission-line ob- 
jects was found. Five such peculiar stars 
were found close together, being located 
in one of the densest regions of the dark 
cloud. One of these stars was also vari- 
able in brightness, indicating its definite 
association with the nebulosity, and fur- 
ther clinching the similarity of these stars 
to the bright-line stars in Taurus. 

All of the five stars have underlying 
spectra of dwarf K or early 1/7 type. In 
one or two the absorption features appear 
to be reduced in intensity by what looks 
like a general film of continuous emission. 
In this respect these stars also seem to 
resemble Joy’s stars in Taurus. The 
brighter of the stars investigated, which 
range in apparent photographic magni- 
tude from 12.5 to 15, are not appreciably 
obscured by the cloud, while the faintest 
may experience a photographic absorption 
of several magnitudes. 


Irregular Variable RW Aurigae 


IN 1944, at the Lick Observatory, an 

extensive investigation was begun of 
the star RW Aurigae, chosen as a rather 
extreme example of the IT Tauri class 
of variable stars. ‘This star varies be- 
tween visual magnitudes 10.2 and 12.0 
rapidly and_ erratically, and _ large 
changes in light may take place in a few 
hours. It lies on the edge of a small 
dark nebula which seems to be an out- 
lying patch of the Taurus-Auriga dark 
clouds. ‘Two types of observations were 
made: spectrophotometric, for the de- 
termination of energy distribution and 
emission-line intensities as the star var- 
ied in light; and spectroscopic, for the 
study of the displacements and structure 
of the emission lines which are charac- 
teristic of the IT’ Tauri stars. 

In reporting on this work, which was 
carried on with the 2-prism quartz slit- 
less spectrograph of the Crossley reflec- 
tor, Dr. George H. Herbig gave a semi- 
quantitative interpretation of some of 
the effects observed in RW Aurigae on 
the basis of the interaction of a main- 
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sequence star with a dark nebula. 
Metallic particles with radii smaller 
than about 1/100,000 centimeter will be 
rejected by the radiation pressure of a 
dwarf G star while larger ones will be 
drawn in by gravitation. Evaporation 
takes place from the surface of the larger 
particles falling in toward the star, and 
it is quite possible for a particle, initially 
above the critical size at which radiation 
pressure and gravitation affect it equally, 
to be “boiled down” below the critical 
radius and then rejected by radiation 
pressure. In general, the evaporated 
material will fall into a star of this 
spectral type so that a collapsing ex- 
tended atmosphere will result. A num- 
ber of the variable spectral features of 
RW Aurigae appear as a direct conse- 
quence of such a process, but with the 
details requiring further study. 

A general survey of variable stars in 
diffuse nebulosity was also made, includ- 
ing such objects as 10 of the faint ir- 
regular variables in the Orion nebula, 
and two variables in Messier 8, in Sagit- 
tarius. All of these seem to be main- 
sequence stars with no sign of the emis- 
sion features of the T Tauri stars. Ap- 
parently, when irregular variables are 
associated with diffuse nebulae ex- 
cited by early-type high-luminosity stars 
(types B and 4), those variables show 
no IT Tauri emission lines. The critical 
radius of 1/100,000 centimeter for a 
dwarf G star increases for more lumi- 
nous stars; for example, it is about 
1/1,000 centimeter for a B star. As the 
metallic particles are themselves thought 
to range principally about the 1/100,- 
000-centimeter size, the number of parti- 
cles available for collection by a star 
drops off rapidly with increasing stellar 
luminosity. The B stars, therefore, 
“clear the air” around them of all but 
the largest particles, thereby preventing 
associated variables from being affected 
by the material which causes the T 
Tauri emission characteristics. 

But when the nebula is a dark one, 
or is illuminated by a star of later spec- 
tral type, or when the variable in ques- 
tion lies in the nebula well outside the 
region illuminated by the bright star, 
T Tauri features generally are present. 
The new data confirms the fact, initially 
noted by Joy, that main-sequence stars 
of types F, G, and later seem to be most 
susceptible to emission characteristics 
when in contact with nebulosity. 


Magnitudes and Colors in 
Nearby Clusters 


VIDENCE that the all-important 

relation between the intrinsic bright- 
ness of a star and its temperature charac- 
teristics may be more precise than had 
previously been supposed was described 
by Olin J. Eggen, of Washburn Ob- 
servatory. Photoelectric magnitudes and 
colors of stars in the Hyades and Coma 
Berenices clusters have been determined. 





Only some 50 stars of the 150-odd as- 
signed to the Hyades cluster were ob- 
served, for it was a poor observing sea- 
son at Madison, Wis. All stars brighter 
than photographic magnitude 10 in the 
Coma cluster were also observed. 

Since the distance of the Coma cluster 
is large in comparison with its extent, 
any dispersion in a color-magnitude ar- 
ray must be due to errors in the observa- 
tions and/or to a real dispersion in lu- 
minosity for a given color. Previous 
color-magnitude and _ spectrum-magni- 
tude plots for this and other clusters 
have shown considerable dispersion, but 
Mr. Eggen’s results, included in the ac- 
companying graph, show no detectable 
dispersion in the main sequence. 

The observed color-apparent-magni- 
tude array for the Hyades members did 
contain a dispersion of as much as 0.5 





data is the splitting of the main sequence 
at about absolute photographic magni- 


tude +3.0. The previously undetected 
branch rises somewhat more steeply than 
does the main sequence, and it consists 
of giant 4 stars, the most luminous in 
the Hyades being Theta? Tauri. The 
lower portion of this new (upper) 
branch contains the metallic-line stars. 
Note that there is one star in the Coma 
cluster which falls on this vertical 
branch and this also is a metallic-line 
star. 

A few of the members of the Ursa 
Major moving cluster have also been 
observed by Mr. Eggen, whose method 
is to alternate red and blue filters in 
front of the photomultiplier tube, to get 
each star’s color index. A metallic-line 
star, 41 Virginis, also falls on the upper 
branch among other stars of this type. 
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(abscissae) against inter- WR 
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The isolated few stars at 
the right, 2nd magnitude, ’°> 
are yellow giants, mostly 
in the Hyades. From ob- ¢°+ 
servations at Washburn 

Observatory. 50} 
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magnitude for a given color. But as 


the Hyades cluster is only some 40 par- 
secs distant, this dispersion is to be ex- 
pected from the differential in the dis- 
tances of the members. When the 
individual magnitudes were reduced to 
absolute values by means of individual 
distances obtained from well-determined 


proper motion and radial velocity data, 


the dispersion disappeared, and these 
stars fell into their proper places along 
with those of the Coma cluster. 
Another feature of considerable sig- 
nificance resulting from Mr. Eggen’s 
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The inference from this work is that 
the photoelectric observations give us 
color-magnitude measures of such great 
accuracy that we may attribute much of 
the scatter in earlier brightness-tempera- 
ture diagrams to errors in the measure- 
ments of the required quantities rather 
than to any complex nature of the stars 
themselves. Further observations of clus- 
ter stars may be expected to strengthen 
these results, and to make possible the 
determination of the absolute brightness 
of a star to the nearest 0.05 magnitude 
from its color index alone. 





EARLY CHAPTERS IN THE 
HISTORY OF STELLAR 
EVOLUTION 


(Continued from page 273) 


nection with our first hypothesis. Ac- 
tually, it is convenient to work back- 
ward and calculate the size of the re- 
gion from the known angular momen- 
tum of the planets. The calculation 
gives a result of exactly the right order. 

It may thus be supposed that the 
material out of which the solar system 
was formed was derived from two dif- 
ferent sources. ‘The bulk of the mate- 
rial came from a filament and was of 
large mass and of very small angular 
momentum. The whole of this material 
condensed to form the sun. The re- 
mainder of the material was captured 


from interstellar space, and was of com- 
paratively small mass but of large an- 
gular momentum. Some of this mate- 
rial was added to the sun and gave the 
sun its rotation, which is in the same 
sense as the orbital revolution of the 
planets. The remainder of the material 
went to form the planets and their 
satellites. 

It will thus be seen that the filament 
theory does more than provide a plaus- 
ible and consistent explanation of the 
evolution of the stars. It removes an 
outstanding difficulty in the theory of 
the solar system, which need no longer 
be regarded as the unique product of 
a rare and improbable coincidence. If 
the filament hypothesis is acceptable, the 
solar system can take its place as the 
natural product of a normal process of 
astronomical evolution. 
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EETS THE DEMAND for a 

basic elementary text which 
preserves the fine educational val- 
ues of astronomy. Presents each 
topic without assumption of knowl- 
edge on student’s part. Clear, in- 
teresting style; full explanations. 
Stresses practical applications of 
astronomy. Has a simple, direct 
approach and a wealth of helpful 
illustrations. 
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BOOKS AND THE SKY 


THE CONTROL OF ATOMIC 
ENERGY 


James R. Newman and Byron S. Miller. 
Whittlesey House, New York, 1948. 434 
pages. $5.00. 


HIS BOOK is a study of the social, 

economic, and political implications 
of the atomic energy act of 1946. Both 
authors are well equipped to discuss the 
act, as they assisted Senator Brien Mc- 
Mahon in drafting his bill. Mr. Newman 
was head of the science division of the 
Office of War Mobilization and Reconver- 
sion and White House adviser on science 
and atomic energy legislation. 

The scope of the book can best be de- 
scribed by a discussion of material in the 
order in which it is presented. The intro- 
duction calls sharp attention to the fact 
that “the Atomic Energy Act is a radical 
piece of legislation. . . . The Act creates 
a government monopoly of the sources of 
atomic energy and buttresses this position 
with a variety of broad governmental 
powers and prohibitions on private ac- 
tivity. The field of atomic energy is made 
an island of socialism in the midst of 
free enterprise economy.” 

The authors discuss the organization 
and structure of the commission; the con- 
trol, production, and ownership of fission- 
able material; industrial and commercial 
uses; and the laws concerning patents 





NEW BOOKS RECEIVED 


Lunar Carastropuic History, J. E. Spurr, 
1948, Rumford Press. 253 pages. $5.00. 


Written as Part III of the author’s study of 
Geology Applied to Selenology, the present vol- 
ume presents further work on the subject, bear- 
ing especially on some of the problems devel- 
oped in the preceding book, Features of the 
Moon. 


PracticAL Astronomy, Jason John Nassau, 
1948, McGraw-Hill. Second edition, 311 pages. 
$5.00. 


This edition is about 50 per cent larger than 
the book first published in 1931. Part I con- 
tains material suitable for a first course in 
practical astronomy, and Part II the advanced 
discussions necessary for field work in geodetic 
astronomy. 


WEATHER ELements, Thomas A. Blair, 1948, 
Prentice-Hall. Third edition, 373 pages. $5.65. 


A third edition brings up to date this well- 
known book on meteorology, designed to serve 
as an introductory text or to provide back- 
ground material for airplane pilots and stu- 
dents in allied sciences. 


PracticaL Astronomy, Hosmer and Robbins, 
1948, Wiley. Fourth edition, 355 pages. $4.50. 


This standard text by the late George L. 
Hosmer has been revised and rewritten by 
James M. Robbins, of the Newark College of 
Engineering. Its first part is designed for both 
the navigator and the surveyor, the second 
part chiefly to fill the needs of the surveyor. 


AstRONOMIE, Rudaux and Vaucouleurs, 1948, 
Librairie Larousse. 486 pages. Price not sup- 
plied. 


With 866 photographs and 12 colored plates, 
its text in French, this volume treats popular 
astronomy in the manner of Splendour of the 
Heavens, but it is quite up to the minute in its 
presentation of the latest researches and facts. 
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and inventions. The government's policies 
of research and control of information are 
considered in detail, while the military ap- 
plications of atomic energy constitute one 
of the shortest sections. 

About one third of the book is appen- 
dices. These include the atomic energy 
act, the espionage act, the British atomic 
energy act, and some of the regulations on 
control of source materials issued by the 
United States Atomic Energy Commis- 
sion. 

In the opinion of this reviewer, the 
book is too specifically a study of this 
single Act of Congress, all-important as 
it is, to be of general interest to the casual 
reader. On the other hand, it should prove 
useful and informative to anyone who is 
seriously interested in the problems of 
atomic energy or whose occupation or 
special interests fall under the jurisdiction 
of the Atomic Energy Commission. 

SANBORN C. BROWN 

Massachusetts Institute of Technology 





ELEMENTARY NUCLEAR THEORY 


H. A. Bethe. John Wiley and Sons, Inc., 
New York, 1947. 147 pages. $2.50. 


HIS BOOK is based upon a series of 

lectures given by Dr. H. A. Bethe to 
a group of scientists and engineers at the 
General Electric Research Laboratories 
as an introduction to the subject matter 
of a project to be carried out for the Atom- 
ic Energy Commission. In Elementary 
Nuclear Physics Dr. Bethe analyzes the 
primary problems of nuclear research for 
those readers who have a fairly extensive 
background in modern physics, but are 
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A striking new wall chart by Josef 
Klepesta shows the stars brighter 
than magnitude 5.0 in six different 
colors according to their spectral 
classes. Centered on the north pole, 
the map extends to 45° south decli- 
nation, and is 25% inches in diam- 
eter. The geometrical constellation 
patterns are shown in fine solid 
lines, and constellation boundaries 
are indicated by dotted lines. The 
star name or number, Greek letter, 
and visual magnitude to hundredths 
are given for each star. Mappa 
Coelestis Nova is decorative, and 
provides in an unusual form a mine 
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aot specialists in nuclear physics. In his 
exposition of the rapidly growing field of 
nuclear theory, Dr. Bethe has made use of 
what might be termed “the more elemen- 
tary aspects” of advanced mathematics and 
of quantum mechanics. For one having 
a knowledge of these general fields, this 
is an elementary introduction to nuclear 
theory. For the average lay reader, how- 
ever, the title of the book is apt to be 
misleading. 

There are three main sections: “Descrip- 
tive Theory of Light Nuclei,” “Quanti- 
tative Theory of Nuclear Forces,” and 
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order. Bound volumes, at $6.50 eac 
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umes II, IV, V, and VI. 
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“Topics Not Related to Nuclear Forces.” 
In the first of these is given a brief but, 
for the purpose, adequate account of the 
basic, well-established facts about atomic 
nuclei. The second, and by far the larg- 
est, section of the book deals with what 
Dr. Bethe terms the “central problem” of 
nuclear physics —the problem of nuclear 
forces. Here he describes the physical 
properties of the proton, neutron, and 
deuteron, and discusses in elementary 
terms the theory and observation of the 
scattering of neutrons by protons both 
free and bound in molecules, the inter- 
action of deuterons with radiation, the 
scattering of protons by protons, the prob- 
lems of non-central nuclear forces and 
the saturation of nuclear forces, and, 
finally, he sketches the status of the meson 
theory of nuclear forces. The third sec- 
tion deals briefly but well with beta dis- 
integration and the theory of the com- 
pound nucleus. 

The book concludes (aside from an in- 
dex) with an appendix that gives all 
known nuclear masses, abundances, and 
spins, and, for the radioactive nuclei, ra- 
diations emitted. 

Throughout the entire volume Dr. Bethe 
has treated his subject from the empirical 
point of view; purely theoretical consider- 
ations have been omitted. In following 
this course the author has achieved a re- 
markably clear and readable presentation 
of the basic material necessary to give the 
non-specialist a good introduction to the 
field of nuclear physics. To the members 
of the fairly large group of readers for 
which it is intended, Elementary Nu- 
clear Theory is much to be recommended. 
In reading the book and in referring it to 
others, the only slight disappointment one 
might feel is that Dr. Bethe did not make 
it somewhat longer and more inclusive. 

HAROLD F. WEAVER 
Lick Observatory 





IN FOCUS 
(Continued from page 266) 


observations made at the £{/16 Cassegrain- 
ian focus. It also provides a support for 
the coude diagonal mirror measuring 36 x 
53 inches. The ring around this tube just 
above the mirror’s surface provides a rest- 
ing place or stop for the leaves that cover 
the mirror when it is not in use. The cover 
is designed to act as a diaphragm and its 
circular opening will determine the area 
of the mirror to be exposed on nights of 
bad seeing. Details of the mechanism that 
controls these leaves are shown at the 
lower right and just to the left of the 
cutaway portion of the base ring. 

Five of the 36 adjusting cylinders that 
are in the special wells in the back of the 
mirror are shown, two in a cutaway that 
reveals their construction. The cylinders 
are over 11 inches in diameter, varying in 
height from 16 inches near the center to 
a little less than 20 inches near the periph- 
ery, and transmit their burden over the 
lever system underneath where delicate 
adjustments can be made. Note that the 
cylinders touch only the walls and bot- 
toms of the openings, never the tops of the 
wells. This prevents distorting the rela- 
tively thin solid portion of the mirror and 
ruining the definition of the finely figured 
surface. 
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Invaluable Navigation 
Teaching Aids 





1. Coordinates Projector 
HOUR CIRCLES 
CELESTIAL EQUATOR 
ECLIPTIC 


DECLINATION CIRCLES 


2. Meridian Projector 


LOCAL MERIDIAN 
DEGREES OF ALTITUDE 


3. Navigational Triangle 
Adjustable Projector 


POLAR DISTANCE 
ZENITH DISTANCE 
COLATITUDE 
AZIMUTH 

HOUR ANGLE 








($720. FOB PHILADELPHIA 


Auxiliary projectors additional 


Science 
Associates 


| 401 NORTH BROAD STREET, PHILADELPHIA 8, PA, 
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WAR SURPLUS BARGAINS, 
Government’s 7 X 50 Binoculars 


Assemble Them Yourself! Complete Optics! Com- 
plete Metal Parts! Save More Than % Regular Cost! 
METAL PARTS—Set 
includes all Metal 
parts—completely fin- 
ished — for assembly 
of 7 X 50 Binoculars. 
No machining re- 
quired. Bodies factory 
hinged and covered. 
Sturdy Binocular Car- 
rying Case is optional 
with each set of Metal 
Parts. 


Stock 7842-Y. $39.40 
Postpaid, plus $4.80 
for Case. Total $44.20 





OPTICS—Set includes all Lenses and Prisms needed 

for assembling 7 X 50 Binoculars. These are in ex- 

cellent condition—perfect or near-perfect—and 

have new low reflection coating. 

Stock H£5102-Y .....cccccscvcceee $25.00 Postpaid 

REMEMBER: These are fine quality, standard 
American-made parts (not German 
or Japanese). 

NOTICE! If you buy both Binocular Optics and 

Binocular Metal Parts, add 20% Federal Taz. 


ARMY’S 6 X 30 BINOCULARS 


COMPLETE OPTICS & METAL PARTS—Model 
M-13Al1, 6X30 Binoculars (Waterproof Model). 
Everything you need—ready for assembly. When 
finished will look like regular factory job costing 
$102 to $120. Optics are new, in perfect or near- 
perfect condition. Have new low reflection coating. 
Metal Parts new and perfect, all completely fin- 
ished. No machining required. Bodies factory 
hinged and covered. Complete assembly instructions 


included. 
Bock BEBO-Y ..ccccsccccccccces $40.00 Postpaid 
plus $8.00 tax—Total—$48.00 


8 POWER ELBOW TELESCOPE 
Govt. Cost $200.00! Our Price $17.50! 
Big 2” diameter objective. All lenses Achromatic. 
Amici prism erects the image. 4 built-in filters— 
clear, amber, neutral and red. Slightly used but 
guaranteed for perfect working order. Weight 5 

Ibs. Can be carried but a trifle bulky. 
Shock BOY .cccccvccccccsocces $17.50 Postpaid 


6 POWER GALILEAN TELESCGPE—(Commer- 
cial Surplus) 28 mm. dia. Achromatic Objective 
Lens. Sturdily constructed of Aluminum. 7” long, 
extends to 9”. Complete with carrying case. 

Stock #941-Y $3.00 Postpaid 


MOUNTED PROJECTING LENS SYSTEM 


F.L, 91.44 mm, (just right for 35 
mm. Projectors). Speed of F.1.9. 
Outside dia. of mount at one end 
60 mm. Length of mount 64 mm. 
Stock #4033-Y .. $3.00 Postpaid 


THREADED OUTSIDE MOUNT ~ 
FOR FOCUSING ABOVE SYS- 
TEM (Not Illustrated) — en 
Stock #715-Y .. $1.00 Postpaid = 

CONDENSING LENS SET—Consists of 2 Condens- 
ing Lenses with diameter of 2”. Used for making 


35-mm, projectors or mary other purposes. 
EE, <Casnde sees naedenend 75c Postpaid 


POLARIZING OPTICAL RING SIGHT 


(Unmounted) Used in gun sights—especially for 
shotguns. As you look through, you see a series of 
rings that you superimpose on your target. No 
front sight required. Increases degree of accuracy. 
BE DUET Sin coccevessvesssad $4.00 Postpaid 


Sensational Bargain -BUBBLE SEXTANTS 








These Army Air Forces Bubble Sextants cost the 
Govt. about $125.00 each. A real bargain at our | 
price of $12.50! Wooden carrying case included. | 
Wartime used, BUT COMPLETELY REPAIRED, . 
COLLIMATED AND PUT IN GOOD WORKING |! 
ORDER. If not satisfied that Sextant is exactly as 
represented, return within 10 days for refund. Full 
directions for use accompany each shipment. 

Stock #924-Y $12.50 Postpaid 
Same Sextant as above, but BRAND NEW and 
with Automatic Electric Averaging Device and II- 
luminated Averaging Disc for nighttime use. Govt. 
cost $217. Though brand new we have re-checked 
Bubble and Collimation and GUARANTEE perfect 
working order. 

Stock #933-Y $22.50 Postpaid 
CONDENSING LENSES—Seconds, but suitable 
for Enlargers and Spotlights. 

Stock #1061-Y..61%4” dia., 9” F.L...$2.50 Postpaid 
Stock #£1080-Y....5” dia., 7” F.L...$1.00 Postpaid 
We Have Literally Millions of WAR SURPLUS 
LENSES AND PRISMS FOR SALE AT BAR- 
GAIN PRICES. Write for Catalog “Y”’—FREE! 


Order by Stock No. Satisfaction Guaranteed. 
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EDMUND SALVAGE CO. 


P. 0. AUDUBON: NEW JERSEY 





GLEANINGS FOR A.T. M.s 


THE COMPOUND REFLECTING TELESCOPE — V 
By ALLYN J. THOMPSON 


Optical Design. Matters of first con- 
sideration are the diameter of the primary 
mirror and the equivalent focal length of 
the telescope. The former will be decided 
by the individual according to his needs 
and capabilities. The latter will depend 
equally on the focal length of the primary 
and on the amplifying ratio, which may 
be almost anything desired, but it should 
be borne in mind that the size of the field 
of view varies inversely as the focal length, 
and any increase in magnification can be 
gained only at the expense of the available 
field. 

Focal length and amplification are like- 
wise matters of individual preference, but 
the primary mirror is most practically 
made f/3 to £/5, amplification bringing the 
equivalent focal ratio up to between about 
{/12 and £/30. Practical design will hardly 
allow of a lower amplifying ratio than 3, 
and 10 is probably a useful upper limit. 
To go below f/12 with the equivalent fo- 
cal ratio seems a needless sacrifice of much 
of the potential power of the compound 
reflector, aside from the fact that except 
in the large diameters it then invades the 
realm of the simpler Newtonian. Because 
of the diminishing field of view it is gen- 
erally impractical to go beyond about f£/30. 

We shall now proceed to plan a com- 
pound reflector employing a convex sec- 
ondary mirror (Fig. 19). In contemplating 
construction of this type of telescope, a 
number of questions at once arise, each 
seeming to have precedence of some sort, 
and a variety of methods of approach pre- 
sent themselves. However, let us suppose 
as an introductory argument that while 
large images of the planets are desirable 
in our model, it is also wished that the 
whole of the moon’s disk be available for 
study at a single view. As the moon’s 
greatest angular diameter when in best 
position for observing may be about 33 
minutes of arc, an angular field of view 
no smaller than this must be made avail- 
able to a low-power eyepiece. A standard 
low-power astronomical eyepiece can ac- 
commodate a linear field about one inch 
in diameter. The tangent of 33 minutes 
(taken from a table of tangents) is 0.0096; 
therefore the focal length needed to pro- 
cure an image of the moon one inch in 
diameter is 1/0.0096, or 104 inches. As 
the equivalent focal length divided by the 
mirror diameter equals the primary focal 
ratio times the amplification, it is evident 
that by appropriate choice of focal and 
amplifying ratios a mirror 10 inches in 
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Fig. 19. Plan of a compound telescope. 
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diameter might be used. But in that case, 
and for an 8-inch diameter also, the low- 
power eyepiece will be unable to make use 
of the mirror’s resolving power. The ob- 
jection is not a serious one, however, but 
from considerations of compactness and 
economy, we choose a 6-inch diameter 
mirror. And by selecting an equivalent 
focal length of 102 inches, instead of 104, 
we obtain the even figure f/17 for the 
equivalent focal ratio. The angular field 
of view is thereby increased slightly, to 
about 34 minutes of arc. 

The location of the secondary focal 
plane must now be decided. It can be 
made to fall either in back of the mirror 
as in Fig. 2, or to the side of the tube as 
at f”, Fig. 19. In the first instance a star 
diagonal is a practical necessity from the 
standpoint of observing comfort; this re- 
quires that the focal plane lie at least 
eight inches (for a 6-inch mirror) back 
of the vertex of the primary. Less travel 
is required of the secondary reflection in 








10 Brand New 25 X 100 
RICH-FIELD BINOCULARS 


Finest German make, the latest triumph of 
German optics at war’s end. 

These are absolutely superb on Jupiter and 
Saturn, whose rings show sharp and clear. 
Flare, which is the main trouble in big binocu- 
lars, is practically absent. 

All surfaces coated, interpupillary adjustment, 
individual focusing, 2 filters, rubber headrest, 
easy mounting plate. 


A. COTTONE & COMPANY 
336 CANAL ST., NEW YORK 13, N. Y. 














WE REPAIR 


* Microscopes *% Telescopes 
* Field Glasses * Binoculars 


WE BUY, SELL, EXCHANGE 
OPTICAL AND SCIENTIFIC 
INSTRUMENTS 


WAELDI 10 Maiden Lane 


New York City 
BEekman 3-5393 























Coated Astronomical Objective 
3% inch by 50-inch focal length, air spaced, 
in black anodized duraluminum barrel. 


e [Individually hand corrected and figured e 
Price $62.00 


Dioptric Engineering Laboratories 
47 West 56th St., New York 19, N. Y. 
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the second instance, hence a lower ampli- 
fying ratio can be used, and there are 
fewer construction difficulties to be met. 
A third reflection is called for in either 
case, but as the advantages of the second 
method are substantial, that is the one 
used here. 

There are an infinite number of permis- 
sible combinations of focal and amplifying 
ratios that will vield the equivalent focal 
ratio {/17, and a choice should be judi- 
ciously made. It is advisable for the 
amateur to use as large a focal ratio as 
possible for his primary mirror, but then 
to meet the foregoing conditions regard- 
ing field of view, the amplifying ratio 
would have to be correspondngly low. 
In that case the distance p’ (Fig. 19) 
would be too short, unless the secondary 
obstruction were to be considerably larger 
than desirable. 

A focal ratio of f/3.4 and an amplifying 
ratio of 5 are found well suited to our 
requirements. The focal length of the 
primary mirror is thus to be 20.4 inches. 

A scale drawing of the telescope, simi- 
lar to Fig. 19 and preferably of actual size, 
is of the utmost importance in verifying 
calculations, and should be made at this 
stage. The linear width of the approxi- 
mately 34-minute field at the primary fo- 
cus f is equal to 20.4 times the tangent of 
34 minutes, or 0.2”. The amplified field 
at the secondary focus is, of course, five 
times this, or 1” in width. The locations 
of the secondary mirror and the diagonal, 
d, are next to be ascertained. 

To avoid injurious diffraction in the 
image, the diameter of the central obstruc- 
tion should not exceed about 4% that of 
the primary mirror. This establishes a 
practical limitation to the distance (p) 
the secondary can be placed inside the 
focus. In evolving the formula below, it 
was assumed that the secondary will be 
enclosed in a cell, the circumference of 
which constitutes the boundaries of the 
obstruction. The amount by which the 
retaining cell exceeds the clear aperture 
of the secondary is the term x in the 
formula, 

EF (4/4— =f) 

Maximum p =— ,(4) 

a 





where F is the focal length of the primary 
mirror, A its aperture, f the linear width 
of the primary focal plane, and x has the 
meaning described above. If, in our model 
telescope, X amounts to 0.062”, the limit- 
ing distance p will be found to be 4.35”. 
But at this distance the secondary focal 
plane will fall a little too far out for our 
purposes. It is an easy matter to move 
the secondary closer to f, at the same time 
effecting a beneficial reduction in its size. 
A compatible distance for p is found to 
be 4”, and p’ therefore is 20”, as the ampli- 
fication is five times. 

The clear aperture of the secondary mir- 
ror at the selected distance p is 


p (&— f) 
+ + f, (5) 


a — 
F 


For our telescope, the aperture of the sec- 
ondary mirror will be 1.337”, the retaining 





cell increasing the obstructing diameter 
to about 1.4”, satisfactorily less than the 
recommended limit. 

The secondary’s radius of curvature can 
be calculated from the formula, 

2p’ p 
‘=, (6) 
| ae 
from which the radius of our secondary 
is found to be 10”. 

The diagonal (or prism) d cannot be 
placed closer to the mirror than its sup- 
ports will permit; on the other hand, if 
it is removed from the primary by more 
than a very few inches (in our case) it 
will unduly obstruct field rays being re- 
flected from the mirror’s central zones. 
At any rate, assuming that the telescope 
will be enclosed in a 6%” or 7” tube, about 
6” will be required for b, the deflected 
portion of p’. This fixes the center of the 











TELESCOPE SUPPLIES 


RAMSDEN EYEPIECES that have satisfied 
hundreds of buyers.. Equivalent focal lengths 
1”, 14”, 1/3”, 14”; standard 114” diameter. 
$5.10 each, postpaid. 

EQUATORIAL MOUNTINGS for 6” to 1214” 
mirrors; with setting circles, worm-gear slow 
motion, synchronous motor drive. The 6” 
mounting is $130.00. 

COMBINATION EYEPIECE AND PRISM 
HOLDER in three types: plain sliding, $10.00; 
rack -and- pinion, $25.00; helical focusing, 
$25.00. Easily attached to skeleton tube or 
solid tube. A favorite with amateur telescope 
making groups and classes. 

ALUMINUM MIRROR CELLS. Excellent de- 
sign. Mirror is supported at center of gravity ; 
no chance for distortion; fully adjustable for 
collimation. Prices quoted. 

STAR DIAGONAL fitted with highest quality 
prism; takes standard 114” eyepieces. $15.00. 
PRISMS of the highest quality. Send for price 
list folder. 


C. C. Young 


25 Richard Road East Hartford 8, Conn. 
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Attention! — — Jelescope Making (Classos 
MAKING YOUR OWN TELESCOPE 


By ALLYN J. THoMpsoN 
This comprehensive book on how to make a reflecting telescope, from 
start to finish, is an ideal text for use by the instructor and members 
of any group of telescope makers, large or small. On orders of five 
or more books to one address, our special class discount is 10%, or a 
price of $3.15 per copy, postpaid. 
Single copy price: $3.50, postpaid (Add 40 cents to foreign orders) 


Cambridge 38, Massachusetts 











standard equipment. 


3 EYE- 
PIECES 











3-inch—22, 45, 90, or 180 Power 
4-inch—30, 60, 120, or 240 Power, 


REFRACTORS 
LIGHTWEIGHT - PORTABLE 


Moderate price . . . and the finest perfect lenses make ; 
these instruments ideal for the amateur astronomer.  _«® 
First quality coated lenses, star diagonal, 
finder, and choice of three eyepieces are 
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All SATURN Telescopes may now be purchased under our Time Payment Plan. 
Ask for complete details and folder PR-34. 
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Mirrors and 
lenses up to 
50 inch dia. 


REFLECTORS 


For utmost economy and exacting precision 
the SATURN Newtonian and Cassegrainian 
Equatorially Mounted Reflectors are un- 
surpassed. (Portable units also available.) 
Send for further information on the Club 
Purchase Plan, specifications, 


and prices. 


West's 
largest 


Tinsle 


laboratories 


manufacturers 


CALIFORNIA 
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WAR SURPLUS 


BRAND NEW 7 X 50 





Coated Lenses 
U. S. NAVY 
PRISM 
BINOCULARS 


is 


AMERICAN MADE BINOCULARS. Complete 
with Carrying Case and Straps. You save 40%. 


Regular Price $162.00. 


*Our price $95.00 Plus 


20% Federal Excise Tax. Postpaid. 
ACHROMATIC TELESCOPE OBJECTIVES— 


Perfect government surplus lenses. 


These ce- 


mented achromats are made of the finest Crown 
and Flint optical glass, are fully corrected and 
have tremendous resolving power. Guaranteed 
well suited for Astronomical Telescopes, Spot- 


ting ao etc. 


48 mm Dia. 600 
48 mm Dia. 600 
78 mm Dia. 381 
78 mm Dia. 381 
81 mm Dia. 622 
81 mm Dia. 622 
ASTRONOMERS 


but mechanically perfect. 


29 mm in dia. Designed in 
order to give good eye re- 


KELLNER_ |! 

EYEPIECE | 

ACHROMATIC 
Mounted eyepiece has 2 
perfect magnesium-fluoride 
coated achromatic lenses } 


lief, 


mm 
mm 
mm 
mm 
mm 
mm 


F.L. coated ea. 10.75 
F.L. ea. 17.00 
F.L. coated ea. 19.00 
F.L. ea. 20.00 
F.L. coated ea. 22.50 


ATTENTION! ARMY SUR- 
PLUS, smooth working worm and gear mecha- 
nism with fast motion clutch. Has a 25” cali- 
brated circle. Can be adapted for slow motions 
on equatorial mounting. Condition slightly used 


Postpaid $5.00 








14%” E.F.L. (8X). 
Outside dia. of cell 40mm. Price .... $4.00 
Cell to fit 144” tube (illustrated) ...... 4.50 
“GIANT” 
WIDE ANGLE 
EYEPIECE 





in 


aperture, 
Achromatic lenses, 


All coated optics, mounted 


focusing cell, 2” clear 
1%” E.F.L. 8 
Value 





$125.00. Perfect ea. $9.50 
oe 


ACHROMATIC LENSES, cemented 


12 mm Dia. 
mm Dia. 
mm Dia, 
Dia. 
mm Dia. 
mm Dia. 
mm Dia. 
Dia. 
mm Dia. 
Dia. 
Dia. 
mm Dia. 
Dia. 


14 


mm 


mm 


mm 
mm 


> mm 
mm 
mm 


Dia. 
52 


114”. 


eye 


Dia. 
‘ mm Dia. 

) MOUNTED KELLNER EYEPIECE E. F. L. 
i O.D. of brass mount 1-17/32”, clear aper- 
ture of field 


Consists 


80 mm F.L. ea. $ .50 
60 mm F.L. coated ea. 1.25 
102 mm F.L. ea. 1.25 
162 mm F.L. coated ea. 1.25 
184 mm F.L. coated ea, 1.35 
122 mm F.L. coated ea. 1.25 
104 mm F.L. coated ea. 1.25 
54 mm F.L. coated ea. 1.25 
124 mm F.L. coated ea. 1.50 
172 mm F.L. coated ea. 1.25 
132 mm F.L. ea. 1.50 
65 mm F.L. coated ea. 1.50 
130 mm F.L. ea. 1.00 
240 mm F.L. ea, 2.50 
189 mm F.L. coated ea. 2.50 
224 mm F.L. ea. 3.25 


lens 


SPOTTING SCOPE or MONOCULAR 
of Achromatic objective, 2 
and field 
: All lenses are cemented. Buy 2 sets to con- 
) struct a High Power Binocular. 


6 Power Set .. $5.00 
11 Power Set .. $6.00 


27 Power Set .. 


14”, 


lens 18/16”, 
Postpaid $2.65 


lens 


eye 


lens and diagram. 


8 Power Set .. $5.25 
13 Power Set .. $7.75 
$11.85 








LENSES, PRISMS, 
priced from 25c up. Send stamp for “Bar- 
gain List’ of War Surplus Optical Items. 


“WE HAVE THEM” 
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A. JAEGERS 


123-26S Rockaway Blvd. 


SO. OZONE PARK 20, N. Y. score 



















diagonal about 2.4” from the primary mir- 
ror, in which position it makes a grazing 
but harmless acquaintance with the above- 
mentioned reflections. (It can be seen that 
if the focal length of the mirror were 
greater, a difficulty would be encountered 
here.) The minor axis or width of the 
diagonal in the above location is 


b (a — f”) 


w= ves (7) 


p’ 
where f” is the linear width of the sec- 
ondary focal plane. The major axis or 
length of the diagonal is equal to w times 
1.4. This gives our telescope a diagonal 
measuring 1.1” x 1.55”, or a right-angle 
prism with 1.1” square faces. The size 
of the diagonal should be pretty well con- 
fined to the computed dimensions, and it 
is best made elliptical in shape. Although 
little interference will result from a rec- 
tangular diagonal, its corners should be 
ground off if its major dimension exceeds 
the diameter of the secondary obstruction, 
otherwise they will introduce additional 
diffraction in the image. 

While perforation of the primary mir- 
ror is not called for in the design of Fig. 
19, a central hole an inch or so in diameter 
will be found to be a convenience in testing 
with the optical flat. This hole might be 
used to hold a rod supporting the diagonal, 
and in any event the adjustments of the 
diagonal may be so designed that they 
can be manipulated from the back of the 
mirror. The alternative is to have them 
accessible through a hole in the side of 
the tube opposite the eyepiece opening. 

Where it is planned to have the focal 
plane fall in back of the mirror, the per- 
foration should be large enough to permit 
the unobstructed passage of all the rays 
illuminating the field of view. It should 
not, however, be larger than the diameter 
of the secondary mirror cell minus the 
linear width of the primary focal plane f. 
The minimum diameter of the hole, or 
the width of the useful cone of rays pass- 
ing through the mirror, is 


n (a— f’) 


l= ws, (8) 


p’ 
where f’ is the linear width of the sec- 
ondary focal plane and n its distance from 
the vertex of the primary mirror. 

So that none of the oblique rays from 
the edges of the field of view will be cut 
off at the tube entrance, the minimum 
internal diameter of the tube at that end 
should not be less than the diameter of 
the mirror plus the linear width of the 
primary focal plane f. 

In addition to the recommended full- 
scale drawing, all of the data essential for 
incidental computation and for construc- 
tion of the telescope should be compiled 
and listed as follows: 


Diameter of primary mirror 6” 
Focal length of primary mirror 20.4” 
Focal ratio of primary mirror £/3.4 
Amplifying ratio 5 
E.F.L. 102” 
E.F.R. £/17 
Linear field f 0.2” 
Linear field f’ 2” 
Angular field f or f’ 34’ 
Length of p 4” 
Length of p’ 20” 
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EVERYTHING for the AMATEUR @~=@, 


Telescope Maker 


Precision Workmanship, Quality 
Supplies, Money Back Guarantee 
KITS - OUR SPECIALTY 
COMPLETE 6” KIT ... . $5.50 up 
Pies we, Os. « os 0 «OOD 

Other Sizes, Proportionately Low 


Pyrex Made to order, correctly 
2 figured, polished, parab- 

Mirrors olized and aluminized. 

ALUMINIZING 


We guarantee a Superior Reflecting Sur- 
face, Optically Correct Finish. Will not 
peel or blister. Low prices. 
MIRRORS TESTED FREE 
Prisms - Eyepieces - Accessories 
FREE CATALOG 


Precision Optical Supply Co. 


1001 East 163rd St., New York 59, N. Y. 




















Sky - SCOPE 


The new 3',-inch Astronomical 
Telescope that is sweeping 
the country; 
Completely Assembled — Not a Kit 
Equatorially Mounted, 60 Power 
Y%-wave Aluminized Mirror 
Ramsden Type Ocular 


Price $19.75 


Incredible as this instrument may seem, 
we invite your attention to our free bro- 
chure describing its amazing performance. 


THE SKYSCOPE CoO., INC. 
475-s Fifth Avenue, New York 17, N. Y. 


























New Low Prices or: PYREX 
Reflecting Telescope Kits 


The most complete kits on the market. 

In addition to the usual supply of abrasives, 
rouge, etc., you get the new, fast-polishing 
cerium oxide to save you hours of work. 

Two (2) finely polished plano convex lenses 
to make a long focus eyepiece are also in- 
cluded in addition to an aluminized diagonal. 
You can get a brass diagonal holder (spider) 
for only $1.00 additional if ordered with a 
telescope kit. Prices quoted below are for 
Pyrex telescope blank and plate glass tool. 
a” .. S625 oe .. 6.45  .c. DUE 

10” .. $16.75 12144” .. $31.75 

934” x 114” Plate Glass Kit as above . $12.50 
90° Prism — 1144” ... $2.00; 154” ... $3.00 
Postage Paid to 1st and 2nd postal zo1es from 
N. Y. Add 5% 8rd and 4th zones, 10% 5th 
and 6th zones. Add 15% 7th and &£:h zones. 


Send for free catalog of optical supplies. 


DAVID WILLIAM WOLF 
334 Montgomery St. Brooklyn 25, N. Y. 

















PARABOLOIDAL MIRRORS 


Aluminized Pyrex, f/8, corrected 
to \% “oe light 
P 


Aluminized Elliptical Flat— wave 


4%-inch .. $24.00 _6-inch .. $45.00* 
8-inch ...... $85.00 10-inch $140.00 
12%-inch .... $250.00 
*SPECIAL: With the 6-inch we supply, 
instead of the flat, a 114” prism, silvered 
and lacquered on the hypotenuse surface. 


Our years of experience in hand correct- 

ing, combined with production methods for 

grinding and polishing, make it possible 

for us to present these new reduced prices! 
All prices plus postage. 


L & M Optical Co. 


69 S. Lexington Ave., White Plains, N. Y. 





























200" TELESCOPE 


10”-HIGH SCALE MODEL 





Complete construction kit contains plans 
and instructions, printed parts, paint, glue. 
$2.50 postpaid 
Ss. E. HUBBARD — 3033 LOGAN BLVD. 
Chicago 47, Illinois 

















EYEPIECE 


AND 


OBJECTIVE 
BARGAINS 


Send for Free List 
F. W. BALLANTYNE 


P. O. Box 382 


Point Pleasant New York 




















PELORUS 
DIALS 


Beautiful Lucite Sat- 
in non-glare white 
laminated to clear. 


Finely finished. Sta- 
bility and _ stiffness 
assur 





Great bargain $1.00 each 
A. COTTONE & COMPANY 
336 CANAL ST., NEW YORK 13, N. Y. 

















SKY-GAZERS EXCHANGE 


Classified advertisements for this column are 
8 cents a word, including address;minimum ad 
20 words. Remittance must accompany orders. 
Write Ad Dept., Sky and Telescope, Harvard 
Observatory, Cambridge 38, Mass. 





HERSCHEL WEDGE eyepiece holders; zenith 
prism ocular holders; telescopes; reasonably 
priced. Valley View Observatory, 106 Van Buren 
St., Pittsburgh 14, Pa. 





FOR SALE: New mounted 4” and 5” refractor ob- 
jectives of first quality. $115.00 and $250.00. 
Correspondence invited. Earl C. Witherspoon, 
Sumter, S. C. | 








FOR SALE: Telescope tube 254” on altestiuntis | 
tripod mount — 2 eyepieces — all $50.00. Also } 
new L & M objective 21%”, $30.00. All guaran- | 
teed. James Peck, 641 San Lorenzo, Coral | 
Gables, Fla. } 





FOR SALE: Wonderful made-to-order 50” refrac- 
tor, 4” coated lenses; 3 eyepieces, diagonal and 
inverter, heavy chrome over brass. Drawer E, 
Smithtown Branch, N. Y 








unmounted. High resolving power. $45.00. James 
Bray, 860 Walnut Ave., Burlingame, Calif. 





| 
FOR SALE: 4” achromatic objective lens, 70” f.1., 
| 


FOR SALE: 6” refracting telescope complete with | 
equatorial mount, Bausch and Lomb air-cell ob- | 
jective ; Huygenian eyepieces, 60 and 180 power | 
—-$750.00. Mrs. . C. Stanton, 4815 Battery | 
Lane, Bethesda 14, Md. 





Diameter of secondary (clear) 1.337” 
Radius of secondary 10” 
F.L. (negative) of secondary s 
Distance, secondary from primary 16.4” 


Distance, diagonal from primary 2.4” 


Distance, diagonal to secondary 14” 
Dimensions of diagonal LI}? x 155° 
Length of 6 6” 

Least internal tube diameter 6.2” 


Shop Procedures. The technique of 
mirror making is described in such books 
as Amateur Telescope Making and Mak- 
ing Your Own Telescope. In order to 
facilitate the polishing and figuring opera- 
tions, use of the molded lap, and either 
Barnesite or cerium oxide as the polishing 
agent, is strongly advised. By these means 
the author has completely polished three 
6-inch f/3.5 mirrors in % hour each. 

Small departures of focal length of 
either primary or secondary mirror from 
the previously established figures, such as 
are apt to result with the average amateur, 
will have an insignificant effect on aberra- 
tions, but to avoid the possibility of having 
to revise existing plans, only a very small 
difference should be tolerated. In the 
grinding stages, the wetted surface of the 
concave mirror or tool of low focal ratio 
will reflect a rather sharp image of a 
luminous aperture, making possible quite 
exact measurement well in advance of 
polishing; hence radii can be kept within 
0.1” of the predetermined lengths. In the 
case of the primary mirror, due allowance 
should be made for the shortening of its 
focal length during figuring. If, for ex- 
ample, our 6-inch f/3.4 mirror were to 
be given the ellipsoidal figure needed for 
the Dall-Kirkham telescope, the radius of 
its center zone would be reduced in the 
figuring by 78.3 per cent of r2/2R, or 
about 1/12 of an inch. Therefore, a radius 
of 40.9 inches prior to figuring should be 
aimed at. Any shortening of the radius of 
low-ratio mirrors that may otherwise take 
place during polishing is negligible. 


(To be continued) 





LETTERS 
(Continued from page 274) 


27 years. To make a gear with 401 teeth 
would present no difficulty today. 

Other ratios, together with their respec- 
tive periods to gain or lose one second, 
are 105,844/105,555 —= 4-47-563/15-31- 
227 = 8 - 47 - 563/30- 31-227, which loses 
one second in 225 years; 178,360/177,873 
= 28-5-73-13/3-211-281 = 40-49-91/ 
3-211-281, loses, 41 years; 220,844/220,241 
31 - 52+ 137/7+73-431, gains, 58 years. 





Then there are 446,083/444,865 — 11- 107 
- 379/5+193- 461, loses, 916 years; 456,- 
704 / 455,457 = 64- 64-223 /6- 157-967, 


gains, 292 years; 467,325/466,049 — 67- 
75+ 93/23-23-881, gains, 129 years; 620,- 
048 / 618,355 = 44-52-271 / 23-95 - 283, 
gains, 192 years. 


The rate of gain or loss for these ratios 
was computed for the year 1950, but will 
be substantially the same for hundreds of 
years to come, as the length of the tropical 
year changes by only half a second in a 
century. 

JOHN L. BRANDNER 
6629 N. Washtenaw Ave. 


Chicago 45, IIl. 
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MAKE AN ASTRONON- 
ICAL TELESCOPE FOR 
AS LITTLE AS $6.00 


Same Principle as the 200-inch 
Telescope on Palomar Mountain 


Now you too can afford the luxury 
of a REAL telescope. See the 
mountains of the Moon, Saturn’s 
rings, nebulae, clusters and other 
heavenly wonders. 

Now for $6.00 you can make a 3- 
inch Newtonian reflecting telescope. 
We sell you the completely finished 
optical units. Other parts are 
usually found in any home or pur- 
chasable for a few cents. 

We furnish a 38-inch reflecting mir- 
ror (39” F.L.) accurately ground, 
polished and hard aluminized, a 
‘flat’? mirror and 3 eyepiece lenses 
(40 and 50 power). You are as- 
sured hard sharp images without 
fuzziness or rainbow effects. 

The high-precision quality of the optical parts 
is guaranteed by our international reputation 
for fine scientific apparatus. 

Thousands of amateurs have built these scopes. 
So can you! 

Send $6.00 and receive the parts described with 
full simple directions and a reprint of an arti- 
cle from a recent issue of a well-known scien- 
tific magazine telling how this telescope is built 
in four hours. Reprint alone 10c. 

This instrument is also ideal as a spotting 
scope and for bird study. 





3” Reflector Kit ...... $ 6.00 
4” Reflector Kit ...... $10.00 
5” Reflector Kit ...... $15.00 
Available 
Accessories 





(1) EYEPIECE: Achromatic triplet, flat 


field, sharp to edge, 1” E.F.L., com- 
pletely mounted, ready for use. 
Rae + Ga des ccnavenbeetssandbsians $7.50 
(2) EYEPIECE HOLDER: with built-in 
diagonal support, 1144” I.D. Brass 
CD Gan oink 40 ct cede sb cxedoeR 3.50 
(2a) Extension tube ffor above. ,. 
5k) ee wadebaahéieniced vane 1.50 
(2b) Glass diagonal for above with 
Aluminized front surface 50 
(3) PRISM (unsilvered) 1” x 1” face .. 3.00 
(4) DIAGONAL, 4-arm, using above 
BP en i dnc ncaa ta tell hewn 10.00 





COMBINATION PRICE, POSTPAID 
b) 1” E.F.L. Eyepiece 

c) Eyepiece Holding and $ 23 00 

d) Diagonal Mirror ™ 
These aluminized mir- 
rors reflect as well as 
. ; half and half. Optical 
dun flat to \% ai a wave length, size 214” x 4”, 
with window in back. Excellent if you wish 
to “‘see without being seen,” as through a 
$5.00. 


ww 
een SAVE $3.50 
Focusing Device 
transmit light about 
about 1/16” thick. Mounted in metal frame 
peep hole. 


fi. 








Star Diagonal 


Fits standard 14” 
tube, takes 114” eye- 
: piece. Precision qual- 
a ity throughout. Prism 
bs ae | is fine quality fluoride 
coated. Finished in 

brass and black. Makes for convenient over- 
head viewing of stars with refractor. $12.00. 


Include Postage - Remit with Order 
Send 50c for Up-to-the-minute Catalog 


HARRY ROSS 
TELESCOPES - MICROSCOPES 
Scientific and Laboratory Apparatus 

74 West Broadway, New York 7, \. Y. 














WAR SURPLUS 


BRAND NEW 7 X 50 


Coated Lenses 
U. S. NAVY 
PRISM 
BINOCULARS 


ne 


AMERICAN MADE BINOCULARS. Complete 
with Carrying Case and Straps. You save 40%. 
Regular Price $162.00. *Our price $95.00 Plus 
20% Federal Excise Tax. Postpaid. 


ACHROMATIC TELESCOPE OBJECTIVES— 
Perfect government surplus lenses. These ce- 
mented achromats are made of the finest Crown 
and Flint optical glass, are fully corrected and 
have tremendous resolving power. Guaranteed 
well suited for Astronomical Telescopes, Spot- 
ting Scopes, etc. 















48 mm Dia. 600 mm F.L. ea. $ 9.75 9 | 
48 mm Dia. 600 mm F.L. coated ea. 10.75 { | 
78 mm Dia. 881 mm F.L. ea. 17.009) 
78 mm Dia. 381 mm F.L. costed ea. 19.007 | 
81 mm Dia. 622 mm F.L. ea. 20.00 
81 mm Dia. 622 mm F.L. coated ea. 22.50 


ASTRONOMERS ATTENTION! ARMY SUR- 
PLUS, smooth working worm and gear mecha- 
nism with fast motion clutch. Has a 2%” cali- 
brated circle. Can be adapted for slow motions 
on equatorial mounting. Condition slightly used 
but mechanically perfect. Postpaid $5.00 


KELLNER 
EYEPIECE 
ACHROMATIC 


Mounted eyepiece has 2) 
perfect magnesium-fluoride 
coated achromatic lenses ! 
29 mm in dia. Designed in | 
order to give good eye re- 
lief, 1%” E.F.L. (8X). 
Outside dia. of cell 40mm. Price .... 
Cell to fit 1144” tube (illustrated) ...... 
7 


“GIANT” 
WIDE ANGLE 
EYEPIECE 
All coated optics, mounted 
in focusing cell, 2” clear 
aperture, 144” E.F.L. 3 


Achromatic lenses. Value 
$125.00. Perfect ea. $9.50 

















. 

ACHROMATIC LENSES, cemented | 

12 mm Dia. 80 mm F.L. ea. $ .50 ) | 
14 mm Dia. 60 mm F.L. coated ea. 1.25 
18 mm Dia, 102 mm F.L. ea. 1.25 
23 mm Dia. 162 mm F.L. coated ea. 1.25 
23 mm Dia. 184 mm F.L. coated ea. 1.35 
25 mm Dia. 122 mm F.L. coated ea. 1.25 
26 mm Dia. 104 mm F.L. coated ea. 1.25 
29 mm Dia. 54 mm F.L. coated ea. 1.25 
81 mm Dia. 124 mm F.L. coated ea. 1.50 
31 mm Dia. 172 mm F.L. coated ea. 1.25 
32 mm Dia. 132 mm F.L. ea. 1.50 
384 mm Dia. 65 mm F.L. coated ea. 1.50 
88 mm Dia, 130 mm F.L. ea. 1.00 
38 mm Dia. 240 mm F.L. ea. 2.50 
44 mm Dia. 189 mm F.L. coated ea. 2.50 
52 mm Dia. 224 mm F.L. ea. 3.25 
MOUNTED KELLNER EYEPIECE E.F. L. 
1%”. O.D. of brass mount 1-17/32”, clear aper- 
ture of field lens 1%”, eye lens 13/16”, 
Postpaid $2.65 
SPOTTING SCOPE or MONOCULAR lens 
sets. Consists of Achromatic objective, 2 
prisms, eye and field lens and diagram. 
All lenses are cemented. Buy 2 sets to con- 








struct a High Power Binocular. 


6 Power Set .. $5.00 8 Power Set .. 
11 Power Set .. $6.00 13 Power Set .. 


$5.25 | 
27 Power Set .. $11.85 


$7.75 





LENSES, PRISMS, “WE HAVE THEM” 
priced from 25¢c up. Send stamp for “Bar- 
gain List’ of War Surplus Optical Items. 


A. JAEGERS 


123-26S Rockaway Blvd. 
a~a-~ 80. OZONE PARK 20, N. Y. ~ee rw 











diagonal about 2.4” from the primary mir- 
ror, in which position it makes a grazing 
but harmless acquaintance with the above- 
mentioned reflections. (It can be seen that 
if the focal length of the mirror were 
greater, a difficulty would be encountered 
here.) The minor axis or width of the 
diagonal in the above location is 


b (a — f”) 
w ———__—__ + f”,, (7) 
p’ 
where f” is the linear width of the sec- 
ondary focal plane. The major axis or 
length of the diagonal is equal to w times 
1.4. This gives our telescope a diagonal 
measuring 1.1” x 1.55”, or a right-angle 
prism with 1.1” square faces. The size 
of the diagonal should be pretty well con- 
fined to the computed dimensions, and it 
is best made elliptical in shape. Although 
little interference will result from a rec- 
tangular diagonal, its corners should be 
ground off if its major dimension exceeds 
the diameter of the secondary obstruction, 
otherwise they will introduce additional 
diffraction in the image. 

While perforation of the primary mir- 
ror is not called for in the design of Fig. 
19, a central hole an inch or so in diameter 
will be found to be a convenience in testing 
with the optical flat. This hole might be 
used to hold a rod supporting the diagonal, 
and in any event the adjustments of the 
diagonal may be so designed that they 
can be manipulated from the back of the 
mirror. The alternative is to have them 
accessible through a hole in the side of 
the tube opposite the eyepiece opening. 

Where it is planned to have the focal 
plane fall in back of the mirror, the per- 
foration should be large enough to permit 
the unobstructed passage of all the rays 
illuminating the field of view. It should 
not, however, be larger than the diameter 
of the secondary mirror cell minus the 
linear width of the primary focal plane f. 
The minimum diameter of the hole, or 
the width of the useful cone of rays pass- 
ing through the mirror, is 


n(a=?f) 
= +f, (8) 
p’ 
where f’ is the linear width of the sec- 


ondary focal plane and n its distance from 
the vertex of the primary mirror. 

So that none of the oblique rays from 
the edges of the field of view will be cut 
off at the tube entrance, the minimum 
internal diameter of the tube at that end 
should not be less than the diameter of 
the mirror plus the linear width of the 
primary focal plane f. 

In addition to the recommended full- 
scale drawing, all of the data essential for 
incidental computation and for construc- 
tion of the telescope should be compiled 
and listed as follows: 


Diameter of primary mirror 6” 
Focal length of primary mirror 20.4” 
Focal ratio of primary mirror £/3.4 
Amplifying ratio 5 
E.F.L. 102” 
E.F.R. £/17 
Linear field f 0.2” 
Linear field f’ 1” 
Angular field f or f’ 34’ 
Length of p 4” 
_Length of p’ 20” 
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EVERYTHING for the AMATEUR @~=, 


Telescope Maker 


Precision a, oe — 
Supplies, Money Back Guaran 
KITS - OUR com 
COMPLETE 6” KIT .. . . $5.50 up 


PYREX KIT, 6” - $7.50 up 
Other Sizes, Proportionately Low 


Pyrex Made to order, correctly 
° figured, polished, parab- 
Mirrors olized and _ aluminized. 
ALUMINIZING 
We guarantee a Superior Reflecting Sur- 
face, Optically Correct Finish. Will not 
peel or blister. Low prices. 
MIRRORS TESTED FREE 
Prisms - Eyepieces - Accessories 


FREE CATALOG 


Precision Optical Supply Co. 


1001 East 163rd St., 


New York 59, N. Y. 














Sky - SCOPE 


The new 34-inch Astronomical 
Telescope that is sweeping 
the country. 
Completely Assembled — Not a Kit 
Equatorially Mounted, 60 Power 
Y%-wave Aluminized Mirror 
Ramsden Type Ocular 


Price $19.75 


Incredible as this instrument may seem, 
we invite your attention to our free bro- 
chure describing its amazing performance. 


THE SKYSCOPE CO., INC. 
475-s Fifth Avenue, New York 17, N. Y. 


























New Low Prices ori PYREX 
Reflecting Telescope Kits 


The most complete kits on the market. 

In addition to the usual supply of abrasives, 
rouge, etc., you get the new, fast-polishing 
cerium oxide to save you hours of work. 

Two (2) finely polished plano convex lenses 
to make a long focus eyepiece are also in- 
cluded in addition to an aluminized diagonal. 
You can get a brass diagonal holder (spider) 
for only $1.00 additional if ordered with a 
telescope kit. Prices quoted below are Mog 
Pyrex telescope blank and plate glass tool. 
a” .. SS eo” .. 9075  .., BB 

10” .. $16.75 12144” .. $31.75 

934” x 114” Plate Glass Kit as above . $12.50 
90° Prism — 114” ... $2.00; 154” ... $3.00 
Postage Paid to 1st and 2nd postal zoies from 
N. Y. Add 5% 8rd and 4th zones, 10% 5th 
and 6th zones. Add 15% 7th and £<h zones. 


Send for free catalog of optical supplies. 


DAVID WILLIAM WOLF 
334 Montgomery St. Brooklyn 25, N. Y. 











PARABOLOIDAL MIRRORS 


Aluminized Pyrex, f/8, corrected 
to 4% wave sodium light 


PLUS 
Aluminized Elliptical Flat—%4 wave 


4% -inch .. $24.00 6-inch .. $45.00* 
8-inch ...... $85.00 10-inch $140.00 
12%-inch .... $250.00 


*SPECIAL: With the 6-inch we supply, 
instead of the flat, a 114” prism, silvered 
and lacquered on the hypotenuse surface. 


Our years of experience in hand correct- 

ing, combined with production methods for 

grinding and polishing, make it possible 

for us to present these new reduced prices! 
All prices plus postage. 


L & M Optical Co. 


69 S. Lexington Ave., White Plains, N. Y. 











Foran a ne 




















200" TELESCOPE 


10”-HIGH SCALE MODEL 





Complete construction kit contains plans 
and instructions, printed parts, paint, glue. 
$2.50 postpaid 
S. E. HUBBARD — 3033 LOGAN BLVD. 
Chicago 47, Illinois 

















EYEPIECE 


AND 


OBJECTIVE 
BARGAINS 
Send for Free List 
F. W. BALLANTYNE 


P. O. Box 382 
Point Pleasant 


























PELORUS 
DIALS 


Beautiful Lucite Sat- 
in non-glare white 
laminated to clear. 
Finely finished. Sta- 
bility and _ stiffness 
assured. 





Great bargain $1.00 each 
A. COTTONE & COMPANY 
336 CANAL ST., NEW YORK 13, N. Y. 

















SKY-GAZERS EXCHANGE 


Classified advertisements for this column are 
8 cents a word, including address;minimum ad 
20 words. Remittance must accompany orders. 
Write Ad Dept., Sky and Telescope, Harvard 
Observatory, Cambridge 38, Mass. 





HERSCHEL WEDGE eyepiece holders; zenith 
prism ocular holders; telescopes; reasonably 
priced. Valley View Observatory, 106 Van Buren 
St., Pittsburgh 14, Pa. 





FOR SALE: New mounted 4” and 5” refractor ob- 
jectives of first quality. $115.00 and $250.00. 
Correspondence invited. Earl C. Witherspoon, 
Sumter, S. C 





FOR SALE: Telescope tube 254” on altazimuth 


tripod mount — 2 eyepieces — all $50.00. Also 
new L & M objective 2144”, $30.00. All guaran- 
teed. James Peck, 641 San Lorenzo, 


Coral 
Gables, Fla. | 


FOR SALE: Wonderful made-to-order 50” refrac- 
tor, 4” coated lenses; 3 eyepieces, diagonal and 
inverter, heavy chrome over brass. Drawer E, 
Smithtown Branch, N. Y. 








FOR SALE: 4” achromatic objective lens, 70” f.1., 
unmounted. High resolving power. $45.00. James 
Bray, 860 Walnut Ave., Burlingame, Calif. 








FOR SALE: 6” refracting telescope complete with | 
equatorial mount, Bausch and Lomb air-cell ob- | 
jective ; Huygenian eyepieces, 60 and 180 power | 
—$750.00. Mrs. E. C. Stanton, 4815 Battery | 
Lane, Bethesda 14, Md. 





Diameter of secondary (clear) 1.337” 
Radius of secondary 10” 
F.L. (negative) of secondary 5” 
Distance, secondary from primary 16.4” 
Distance, diagonal from primary 2.4” 


Distance, diagonal to secondary 14” 
Dimensions of diagonal Ld x 356" 
Length of b 6” 

Least internal tube diameter 6.2” 


Shop Procedures. The technique of 
mirror making is described in such books 
as Amateur Telescope Making and Mak- 
ing Your Own Telescope. In order to 
facilitate the polishing and figuring opera- 
tions, use of the molded lap, and either 
Barnesite or cerium oxide as the polishing 
agent, is strongly advised. By these means 
the author has completely polished three 
6-inch f/3.5 mirrors in % hour each. 

Small departures of focal length of 
either primary or secondary mirror from 
the previously established figures, such as 
are apt to result with the average amateur, 
will have an insignificant effect on aberra- 
tions, but to avoid the possibility of having 
to revise existing plans, only a very small 
difference should be tolerated. In the 
grinding stages, the wetted surface of the 
concave mirror or tool of low focal ratio 
will reflect a rather sharp image of a 
luminous aperture, making possible quite 
exact measurement well in advance of 
polishing; hence radii can be kept within 
0.1” of the predetermined lengths. In the 
case of the primary mirror, due allowance 
should be made for the shortening of its 
focal length during figuring. I‘, for ex- 
ample, our 6-inch f/3.4 mirror were to 
be given the ellipsoidal figure needed for 
the Dall-Kirkham telescope, the radius of 
its center zone would be reduced in the 
figuring by 78.3 per cent of r2/2R, or 
about 1/12 of an inch. Therefore, a radius 
of 40.9 inches prior to figuring should be 
aimed at. Any shortening of the radius of 
low-ratio mirrors that may otherwise take 
place during polishing is negligible. 


(To be continued) 
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27 years. To make a gear with 401 teeth 
would present no difficulty today. 

Other ratios, together with their respec- 
tive periods to gain or lose one second, 
are 105,844/105,555 = 4-47-563/15-31- 
227 = 8- 47- 563/30- 31-227, which loses 
one second in 225 years; 178,360/177,873 
= 23.5-738-13/3- 211-281 = 40-49-91/ 
3-211-281, loses, 41 years; 220,844/220,241 
= 31-52-137/7-73-431, gains, 58 years. 
Then there are 446,083/444,865 —= 11-107 
+ 379/5-193-461, loses, 916 years; 456,- 
704 / 455,457 = 64- 64-223 /6- 157-967, 
gains, 292 years; 467,325/466,049 — 67- 
75 - 93/23 -23-881, gains, 129 years; 620,- 
048 / 618,355 = 44-52-271 /23-95- 283, 
gains, 192 years. 

The rate of gain or loss for these ratios 
was computed for the year 1950, but will 
be substantially the same for hundreds of 
years to come, as the length of the tropical 
year changes by only half a second in a 
century. 





JOHN L. BRANDNER 
6629 N. Washtenaw Ave. 
Chicago 45, IIl. 











MAKE AN ASTRONOM- 
ICAL TELESCOPE FOR 
AS LITTLE AS $6.00 


Same Principle as the 200-inch 
Telescope on Palomar Mountain 


Now you too can afford the luxury 
of a REAL telescope. See the 
mountains of the Moon, Saturn’s 
rings, nebulae, clusters and other 
heavenly wonders. 

Now for $6.00 you can make a 3- 
inch Newtonian reflecting telescope. 
We sell you the completely finished 
optical units. Other parts are 
usually found in any home or pur- 
chasable for a few cents. 

We furnish a 3-inch reflecting mir- 
ror (39” F.L.) accurately ground, 
polished and hard aluminized, a 
“‘flat’”’ mirror and 3 eyepiece lenses 
(40 and 50 power). You are as- 
sured hard sharp images without 
fuzziness or rainbow effects. 

The high-precision quality of the optical parts 
is guaranteed by our international reputation 
for fine scientific apparatus. 

Thousands of amateurs have built these scopes. 
So can you! 

Send $6.00 and receive the parts described with 
full simple directions and a reprint of an arti- 
cle from a recent issue of a well-known scien- 
tific magazine telling how this telescope is built 
in four hours. Reprint alone 10c. 

This instrument is also ideal as a spotting 
scope and for bird study. 





8” Reflector Kit ...... $ 6.00 
4” Reflector Kit ...... $10.00 
5” Reflector Kit ...... $15.00 
Available 
Accessories 





(1) EYEPIECE: Achromatic triplet, flat 


field, sharp to edge, 1” E.F.L., com- 
pletely mounted, ready for use. 
BO Ces cs cantacsedevinvecaeebe $7.50 
(2) EYEPIECE HOLDER: with built-in 
diagonal support, 1144” I.D. Brass 
CRIN Sod fod d cetardne cs ccatend 3.50 
(2a) Extension tube for above. . 
34. Bb Chace udhadeeaaveoneaus 1.50 
(2b) Glass diagonal for above with 
Aluminized front surface .. 50 
(3) PRISM (unsilvered) 1” x 1” face . 3.00 
(4) DIAGONAL, 4-arm, using above 
SP Se OE boc cc cubes bebhtenan 0.00 





COMBINATION PRICE, POSTPAID 
b) 1” E.F.L. Eyepiece 

c) Eyepiece Holding and $23 00 

d) Diagonal Mirror * 
These aluminized mir- 
rors reflect as well as 
i om half and half. Optical 
glass flat to %4 of a wave length, size 244” x 4”, 
with window in back. Excellent if you wish 
to “see without being seen,” as —— a 
5 


” 
a) 5” Reflector SAVE $3.50 
Focusing Device 
transmit light about 
about 1/16” thick. Mounted in metal frame 
peep hole. .00. 


i 








Star Diagonal 


Fits standard 14” 
tube, takes 114” eye- 
‘ piece. Precision qual- 
are * ity throughout. Prism 
ae, st ae | is fine quality fluoride 
coated. Finished in 

brass and black. Makes for convenient over- 
head viewing of stars with refractor. $12.00. 


Include Postage - Remit with Order 
Send 50c for Up-to-the-minute Catalog 


HARRY ROSS 


TELESCOPES - MICROSCOPES 
Scientific and Laboratory Apparatus 


74 West Broadway, New York 7, N. Y. 
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HAINES 


Revolving 
Observatory Domes 


Electric Motor Driven 
10 Feet to 30 Feet Diameter 





Track and skeleton framework. 

All parts without skin. From 

$750.00 to $2,500.00 F. O. B. 
Englewood, N. J. 


Complete job from $1,500.00 to 
$5,000.00 and expenses of two 
men, or more. 


ELECTRIC SIDEREAL CLOCK 





Guaranteed rate — less than 6 
minutes slow in 100 years. $36.00 
For information on mountings 
and observatory equipment, 
see last month’s issue. 
Spectroscope and Interferometer Mounts 
Complete Observatory Equipment 


Sidereal Clocks and Watches 
Synchronous Motor Drives 


Haines Scientific Instruments 
Box 171, Englewood, New Jersey 














| 
| 














OBSERVERS PAGE 


Greenwich civil time is used unless otherwise noted. 


OCCULTATION PREDICTIONS 


Mars will be occulted on Labor Day, 
September 6th, but it will be a daylight 
affair requiring careful search for the 
three-day-old moon, and then continued 
telescopic observation to watch the planet, 
of magnitude only 1.5, as it is hidden by 
the lunar disk. Predicted times are given 
for all stations in the United States and 
Canada. On the West Coast the moon 
will be east of the meridian at the time of 
immersion. At the Texas standard station 
the occultation lasts an hour and 25 min- 
utes. Several minutes of this period are 
accounted for by Mars’ own motion east- 
ward while it is hidden by the moon, its 
daily change in longitude at this time be- 
ing about 31’.5. 

The planet’s distance from the earth on 
September 6th is 1.99 astronomical units, 
and its apparent diameter is then only 
2”.35, much less than the 3”.9 which sepa- 
rates the components of the double, Castor, 
and about equal to the separation of the 
closer pair in Epsilon Lyrae. Considering 
the brightness of the sky, Mars itself will 
be hard to find before eclipse—a good 
telescope with relatively low power is 
recommended. Careful prediction of the 
position angle for one’s own station may 


be necessary if emersion is to be ob- 
served as soon as it occurs. 

September 6-7 MARS 1.5, 14:00 —12- 
33, 3, Im: A 22:16.9 —2.6 0.0 56; B 22:15.0 
cos. wee 40:2 C 22:5066 —25 — 4 72: 
DD 2tse.0 —25. —O2. 66; 8-21-3122 —23 
——5 06: SF 21-244 —18 —13: 129: & 
20:50.0 —1.2 +-0.3 113; H 20:51.7 —04 


mot) 161- 3-20:40:7 —08 +61 129: Em: 
B.22:49:4 04 —3:3:'6- B 22:390:2 ..... ... 
is: © 2225758 —O8 —28 352: 2.22426 
0.9 —“Z2y7 o56.0 2ei4e.2 11 20 S86: 
Bee see 19 hy 309: & 22.026 —10 
7-318; BH 21-588 —2:3 +02 278: 4 
eee. he SO oe: 

13-14 40 B Capricorni 6.2, 20:29.8 —25- 
O72. 11, im: A 6468 —20 +09 69: 
m 0:47:55 —1.8 +09 65° C 0:33.7 21 
4.4712 D 0348 —1.8:'+-12 65: Be O:09:1 
—1.6 11.6 71; F23:46.0 —1.2 +09 95. 


MOON NOTES 


HENOMENA associated with the 
moon are noteworthy this fall. The 


harvest moon in September and the hunt- 
er’s in October rise less than 25 minutes 
later each succeeding four nights after 
full. And five days after the full phase 
in September, one may see the moon as 
early as two hours after sunset. Note 
also the early setting of the first-quarter 
moon, two hours before midnight in Sep- 
tember and 1% hours the next month. 
Conversely, last quarter may be seen two 
hours before midnight in these months. 
Next spring these conditions will be just 
reversed. 

Perigee occurs on September 3rd, at 
6:00 GCT, with the moon new the same 
day at 11:21. Apogee therefore occurs 
near full moon, so our satellite then ap- 
pears about 25 per cent fainter than does 
a perigee full moon. This results from the 
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14-15 35 Capricorni 6.0, 21:24.3 —21- 
25.3; 1Z,;3m: AR 4:20.70 36 27 12 
B 4:113 --25 —-15. 40< © 4:129---25 
2.4, 119: D 3:59: 25 > 06700. 
3:31.2 —2.4 +0.3 87; F 3:08.4 —3.0 +0.3 
96; G 3:00.5.-—-1.3 +15 60: H 2:28.1 —1.5 
+15 FZ, 

22-23 14 H! Tauri 6.4, 3:36.0 +20-44.9, 
20, Em: G 10:568 —1.3 +1.3 234- 3 
10:51.1. —0.5. +34 197: I WAZ. 13 
+1,5 241, 

27-28 28 Cancri 6.1, 8:25.5 +24-19.1, 25, 
Em: A 7:23.2 06 +0.3 304; B 7:229 
——):7 “0 316;-0. 7:19:77 -04 4 2 
D 7:19.72. :—05:'6.0:335. 

27-28 Upsilon! Cancri 5.7, 8:28.4 ‘+24- 
15.5, 25; Mea: A 8236.9: —1.1°-—-Ohcae 
B 8:346:—11 —G6 323; -C:8:324 —08 
+02 Si; DB: 827 —10 -05 S22 3 
$:2190 —O08 —0.6 Se4 

27-28 Upsilon? Cancri 6.4, 8:29.9 +24- 
158, 25, Em: & S:120 “14: 12: 32: 
B 905.0 —-L7 - ae 344; 6 SOR 12 
—§.5 314; D906 —16.—-24 31: 3 
$:50.3 —1.5 2.1 30: &.6:520 —0.6 —02 
307. 

For selected occultations visible at standard 
stations in the United States and Canada under 
fairly favorable conditions, these predictions 
give: evening-morning date, star name, magni- 
tude, right ascension in hours and minutes and 
declination in degrees and minutes, moon’s age 
in days, immersion or emersion; standard station 
designation, GCT, a and b quantities in minutes, 
position angle; the same data for each standard 
station westward. 

Longitudes and latitudes of standard stations 
are: 

A +72°.5, +42°.5 

B +73°.6, +45°.6 
C +77°.1, +38°.9 G +114°.0, +50°.9 

D +79°.4, +43°.7 H +120°.0, +36°.0 

I +123°.1, +49°.5 

The a and b quantities tabulated in each case 
are variations of standard-station predicted times 
per degree of longitude and of latitude respectively, 
enabling computation of fairly accurate times for 
one’s local station (long. Lo, lat. L) within 200 
or 300 miles of a standard station (long. LoS, 
lat. LS). Multiply a by the difference in longitude 
(Lo — LoS), and multiply b by the difference in 
latitude (L— LS), with due regard to arithmetic 
signs, and add both results to (or subtract from, 
as the case may be) the standard-station predicted 
time to obtain time at the local station. Then 
convert the Greenwich civil time to your own 
standard time. 


E +91°.0, +40°.0 
F +98°.0, +30°.0 





fact that the distance from the earth to 
the moon at perigee is only about 8/9 
that at apogee. The brightness varies in- 
versely as the square of the distance. 
The westward moving ascending node 
of the moon’s orbit, the point where the 
moon crosses the ecliptic going north- 
ward, is now in western Aries, about 36 
degrees from the vernal equinox, with 
which the node will coincide in 1951. Al- 
ready this situation is resulting in a wide 
range in the moon’s meridian altitude dur- 
ing the month. The change in 15 days is 
nearly 56 degrees in September, from 
—27° 45’ on the 11th to +27° 51’ on the 
26th. At these times the moon is in Sagit- 
tarius and Gemini, respectively. 
Favorable lunar librations will occur for 
both waxing and waning phases. From 
September 7th to 11th, the moon’s west 
limb will be turned about seven degrees 
toward the earth, and we shall see Mare 
Crisium at its maximum distance from 
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the limb. This occurs during first quarter, 
so two weeks later, at last quarter, the 
libration is nearly as great in the opposite 
direction and Grimaldi will be noticeably 
far from the east limb. Similar librations 
will occur October 7-9 and October 22-23. 

On several occasions, with the aid of 
field glasses, I have watched the crescent 
moon through first quarter to determine 
how long earthshine remains visible. Two 
to three days past first quarter the larger 
maria in the unlit portions of the moon’s 
disk could be discerned. By the fourth 
night after first quarter, no earthshine 
could be detected. 


EDWARD ORAVEC 





PHASES OF THE MOON 


New moon ........ September 3, 11:21 
First: aviarter . ...... September 10, 7:05 
Fall moon... isis September 18, 9:43 
Last quarter: ...\.. September 26, 5:07 


NEW SHO ciiccisciceae October 2, 19:42 





JUPITER’S SATELLITES 


Jupiter’s four bright moons have the positions 
shown below for the GCT given. The motion of 
each satellite is from the dot to the number desig- 
nating it. Transits of satellites over Jupiter’s disk 
are shown by open circles at the left, and eclipses 
and occultations by black disks at the right. Re- 
produced from the American Ephemeris and Nauti- 
cal Almanac. 


Configurations at 1* 15" for an Inverting Telescope 
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MERCURY V 
MARS A 
SATURN @ 
NEPTUNE @N 


URANUS @U 


PLUTO @P 


THE SUN, MOON, AND PLANETS THIS MONTH 
The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


Sun. On September 23rd at 3:22 GCT, 
which is in the evening hours across the 
United States on September 22nd, the sun 
crosses the celestial equator southward. 
Autumn commences in the Northern Hem- 
isphere, spring in the Southern. 

Mercury, an evening star, is poorly 
placed for observation all month. AIl- 
though it reaches greatest eastern elonga- 
tion on the 25th, the planet will be less 
than 8° above the horizon at sunset for 
observers in latitude 40° north, hence dif- 
ficult to locate. 

Venus reaches greatest western elonga- 
tion on September 3rd, its magnitude —4.0. 
In early September, halfway up the morn- 
ing sky at sunrise, it is midway between 








VARIABLE STAR MAXIMA 

September 7, X  Monocerotis, 7.6, 
065208; 10, X Ophiuchi, 6.9, 183308; 17, 
RT Cygni, 7.4, 194048; 27, Omicron Ceti, 
3.7, 021403. 


These predictions of variable star maxima 
are made by Leon Campbell, re r of the 
AAVSO, Harvard College Observafory, Cam- 
bridge 38, Mass. Serious-minded observers inter- 
ested in making regular telescopic observations of 
variable stars may write to Mr. Campbell for 
further information. 

Only stars are included here whose mean maxi- 
mum magnitudes, as recently deduced from a 
discussion of nearly 400 long-period variables, are 
brighter than magnitude 8.0. Some of these stars, 
but not all of them, are nearly as bright as maxi- 
mum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maxi- 
mum should occur, the star name, the predicted 
magnitude, and the star designation number, which 
gives the rough right ascension (first four figures) 
and declination (bold face if southern). 





GREENWICH CIVIL TIME (GCT) 


TIMES used on the Observer’s Page are 
Greenwich civil or universal time, unless 
otherwise noted. This is 24-hour time, from 
midnight to midnight; times greater than 
12:00 are p.m. Subtract the following hours 
to convert to standard times in the United 
States: EST, 5; CST, 6; MST, 7; PST, 8. 
If necessary, add 24 hours to the GCT 
before subtracting, and the result is your 
standard time on the day preceding the 
Greenwich date shown. 








Pollux and Procyon; on the 30th it is 
about 6° west of Regulus. 

Mars, considerably diminished in bright- 
ness, is approaching the sun in the evening 
sky. On the Ist it is 6° east of Spica, 
setting two hours after sunset. A daylight 
occultation of the planet will occur on Sep- 
tember 6th, to be observed only with the 
aid of a telescope. Times predicted for 
this occultation may be found under Oc- 
cultation Predictions elsewhere in this 
department. By September 30th, Mars 
will be in central Libra, still setting nearly 
two hours after the sun. 

Jupiter, in Ophiuchus, is in eastern quad- 
rature with the sun on September 13th. 
It is a conspicuous evening object, deep 
in the southern sky and setting before 
midnight. 

Saturn emerges from the region of the 
sun into the morning sky in early Septem- 
ber. It is close to Regulus, passing less 
than a degree north of that star on the 
9th. By the 30th, Saturn will rise three 
hours before the sun. 

Uranus is in Gemini, and may be ob- 
served from midnight until dawn. Its 
position on the 15th is at 6" 2™, +23° 38’. 

Neptune is too close to the sun to be 
observed. E. O. 
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cone PE ee ae 5:41 A. M 
PRED ss odo ha: 5 ah. eer So 6:22 P.M 
Moonrise Saturday ....... 3:10 A.M 
1 Te ie Ree oe April 9 


Prominent Stars—The Pleiades (near 

} Venus). Aldebaran (between Venus 
and Orion). 

Visible Planets—Saturn (high in south 
8:28 P. Mars (near Saturn). 
Venus (sets 9:44 P.M.). Jupiter 

| (due south 5:09 A. M.). 

} (All Times Eastern Standard) 


Would you like to see a column 
like that above appear daily in 
your local newspaper? The data 
would be individually computed 
for your locality. 

For information, write to 


Bailey R. Frank 


Rutland, Vermont 
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VARIABLE SsePremecer 
DEEP-SKY WONDERS 
Heirs yw is one of the most interesting 
of all the areas in the entire sky. 
The North America near Deneb 
cannot be observed readily without pho- 
tography, but the region is so rich 
that it is well worth sweeping with any- 
thing from binoculars to large telescopes. 
In order to appreciate the views in 
telescopes of 10 inches or more aperture, 
it is best to stop the driving clock and let 
the star fields drift at their own speed. 
After a 15- or 20-minute strip has passed, 
the telescope may be shifted to the next 
zone of declination. While this may sound 
tedious, it will reveal dozens of objects 


nebula 
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40° HORIZON 


Alpha Pavonis 
South 


30° HOR! 
that no catalogue remarks upon — faint 
clusters, wisps of nebulosity, curious little 
streams of stars. The region around Gam- 
ma Cygni is especially interesting although 
the sweeps should extend as far as Albireo. 

The AAVSO star charts (which may be 
purchased by. non-members) will add spe- 
cific interest to these regions, especially 
those for Cygnus variable stars SS, U, 
AF, ST and TU, Chi, and TZ Cygni. 
Another interesting occupation is to com- 
pare the plates of the Ross Atlas (for in- 
stance, see Sky and Telescope, back cover, 
August, 1945) against the views your own 
telescope affords. 


WALTER SCOTT HOUSTON 
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OEEP-SKY OBVECTS 


GALAXIES = 
OPEN CLUSTERS oO 
GLOBULAR CLUSTERS * 


OIFFUSE NEBULAE o 
MILKY WAY BOUNOARIES *™* ae 


STARS FOR SEPTEMBER 


from latitudes 30° to 50° north, at 9 p.m. 
and 8 p.m. local time, on the 7th and 23rd 
of the month, respectively. The 40° north 
horizon is a solid circle; the others are 
circles, too, but dashed in part. For the 
year 1948, these simplified charts replace 
our usual white-on-black maps, which may 
be consulted in issues of prior years when 
information on deep-sky wonders and less 
conspicuous constellations is desired. Our 
regular charts for observers in the South- 
ern Hemisphere appear in alternate issues. 


Meare 


passer 
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EVENING STARS FOR SOUTHERN OBSERVERS 


HIS CHART is prepared for a basic latitude of 30° south 

but it may be used conveniently by observers 20 degrees 
on either side of that parallel. These southern charts appear 
in alternate months, but always two or three months in ad- 
vance to allow time for transmission to observers in any 
part of the world. The sky is here shown as it appears on 
Nov. 7th at 11 p.m., Nov. 23rd at 10 p.m., Dec. 7th and 
23rd at 9 p.m. and 8 p.m., respectively. Times for other 
days vary similarly, four minutes earlier per day. These are 


local mean times which must be corrected for standard 
time differences. The 30° horizon is a solid circle; the other 
horizons are circles, too, those for 20° and 40° south being 
dashed in part. When facing south, hold “South” at the 
bottom, and similarly for other directions. Observers in the 
tropics may find north circumpolar stars on any of our 
northern star charts. For other charts in this series, see alter- 
nate issues, October, 1946, to August, 1947; and November, 
1947, to July, 1948. 
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